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THESE ACP* FEATURES 
MEAN SAVINGS T0 YOU! 


LOW VOLTAGE BREAKER, internal- 
ly mounted, protects against all second- 
ary overloads and short circuits. 


TANK DISCHARGE GAP provides 
path for surges on units where un- 
grounded tank practice is used. 


LIGHTNING ARRESTERS, either 
expulsion or valve type, assure com- 
plete high voltage surge protection. 


LOW VOLTAGE NEUTRAL GAP 
provides surge protection for LV wind- 
ing. Can easily be replaced with ground strap. 


CHUCK TYPE CONNECTORS elim- 
inate all exposed live parts. To make 
connection, simply insert lead, rotate housing. 


SIGNAL LIGHT, HOOKSTICK RE- 
SET and emergency service restoration 
lever are mounted in one compact assembly. 


Simplified Installation . .. Fewer Outages ... Visual Load Checks 
Mean Money Saved on ACP Transformers with Premium Protection 


ACP TRANSFORMERS PAY THEIR OWN 
way from the moment installation starts. 
They're economical to install because 
transformer and protective components 
are completely packaged in one easy- 
to-install unit. No assembling or ad- 
justing in the field. 


FEWER OUTAGES, INCREASED CAPACITY 


Once they’re up, ACP transformers stay 
on the line longer than conventional 
units. Secondary breaker, actuated by 
oil temperature or excess current, is 
closely coordinated with thermal char- 
acteristics of the transformer it protects. 
Result: short time overload transformer 


*ACP (Allis-Chalmers Protected) 


is an Allis-Chalmers trademark. 


LLIS-CHALMER 


capacity is fully utilized . . . the num- 
ber of outages reduced. 


KEEP TAB ON SYSTEM LOADING 


You also eliminate expensive load checks 
requiring time and special equipment. 
On ACP transformers 5 kva and up, 
signal light does the job for you — 
provides simple, continuous check. 
Want more details? NEW ACP 
transformer bulletin 61B7309A is off 
the press! Call your nearby A-C district 
office for your copy. A-3004 


ALLIS-CHALMERS, 931A SO. 7Q 
MILWAUKEE, WIS. 
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Adjustable...Regulated 
A. C. Voltage Supply... 


with Harmonic Filter 


In the new SOLAVOLTS you have available an adjustable 
source of constant A.C. voltage of undistorted wave shape. 
They provide all of the voltage stabilizing characteristics of 
the standard SOLA Constant Voltage Transformer ... +1% 
regulation for line input changes from 95-125 volts . . . with less 
than 3% total harmonic distortion of the output voltage wave. 

Two regulated outputs: fixed 115 volts and adjustable 
0-130 volts. Regulation is automatic; maximum response time 
1.5 cycles. Except for the rotor of the autotransformer there 
are no moving parts, no manual adjustments and no tubes or 
other expendable parts. 


Write for Bulletin A CVL 140 
for Full Electrical and Mechan- 
ical Specifications and Prices 


Condlant Vollage DO 
* * 
> a 
TRANSFORMERS ~~ :,;* 


Transformers for: Constant Voltage * Fluorescent Lighting * Cold Cathode Lighting * Airport Lighting * Series Lighting * Luminous Tube Signs 
Ofl Burner Ignition * X-Ray * Power * Controls * Signal Systems * etc, * SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 50, Illinois 
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MPSIEIGHIs........ 


The Student Membership. Marking the 
25th anniversary of the Institute’s first 
Student Branch Conference, Chairman 
Roubik of the Illinois Institute of Tech- 
nology Student Branch reports one of his 
Branch’s latest activities (page 388), while 
Professor Seeley of Duke University evalu- 
ates the first quarter-century of AIEE 
Student membership activities (page 389), 
“Congratulations, where due,’’ says Presi- 
dent Fairman in his introductory article. 
He goes on to urge us again to express our 
opinion on Institute policy by making use 
of the return postal card included in the 
March issue (page 387). 


A New Electrical Engineering Building. 
The story of the new Electrical Engineering 
Building at the University of Washington is 
told in this issue with description and pic- 
tures. The new building, functional in de- 
sign, contains laboratories, research rooms, 
classrooms, and offices for staff members, in 
addition to a library and study room, a staff 
conference room, and a student activities 
room (pages 434-6). 


1950 Employment Programs. Results of 
the latest survey of employment programs 
for engineering graduates indicate that the 
young engineer would do well to seek his 
opportunity in the smaller industries. The 
current report also covers graduates in 
physical science (pages 399-404). 


Lightning Arresters and Transformer 
Insulation. The value of lightning arrest- 
ers to transformers subjected to high volt- 
ages with steep wave fronts is demonstrated 
in an article by F. J. Vogel of the Illinois 
Institute of Technology. The results of a 
series of impulse tests show the effect of 
these lightning arresters on the insulation 
which is needed in the transformer (pages 
453-5). 
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Fascimile Telegraph Apparatus. A de- 
scription of fascimile concentrator appara- 
tus and telefax equipment which has been 
installed recently in eight large American 
cities is described in this issue. The article, 
by three Western Union employees, gives a 
verbal picture of the apparatus and a com- 
plete description of the operating procedure 
used (pages 406-08). 


Safety in Substation Design. Unsafe 
act+unsafe condition =accident. This 
fatal formula finds frequent application in 
faultily designed substations. Oddly 
enough, death by electrocution comes most 
often to personnel having the greatest ex- 
perience and information. In this article, 
the authors discuss the cause and cure of 
substation accidents (pages 472-75). 


Tube Voltage Drop in Hot-Cathode Gas 
Tubes. For users of large quantities of 
gas-filled electron tubes for industrial con- 
trol purposes, the failure of a tube can re- 
sult in costly shutdowns. To prevent this, a 
series of tests has been developed to predict 
the end of life of these tubes so they can be 
removed before failure (pages 479-22). 


Relay Protection of Transmission Lines. 
This month the third article of the series on 
the relay protection of transmission lines 
presents the system of protection for long, 
heavily-loaded lines. As well as being able 
to withstand heavy emergency loads, this 
protection must provide positive fault pro- 
tection with allowance for arc impedance, 
withstand swings inherent with high-speed 
reclosing, and provide some backup pro- 
tection (pages 422-5). 


Rectifier-Type Power for Railroads. In 
order to make use of the qualities of alter- 
nating current for power transmission as 
well as take advantage of the d-c traction 
motor, rectifier motive power units are 
being used for railroad electrification. 
This gives a simple, flexible means of volt- 
age control while allowing high accelerat- 
ing horsepowers at high speed and gives 
minimum accelerating losses, minimum 
peak power demand, and a large number of 
running speeds (pages 439-42). 


Electrically-Driven Gyroscopes. Gerard 
P. deWestfelt of the Sperry Gyroscope Com- 
pany tells of the problems introduced in the 
design of electric motors when those motors 
are to be used in gyroscopes. The high 
momentum and mass stability required 
necessitate radical changes in both the 
electrical and mechanical designs. High 
operating speed must be maintained al- 
though no cooling other than radial can be 
provided (pages 446-57). 


AIEE Proceedings 


Order forms for current AIEE Proceedings 
have been published in Electrical Engineering 
as listed below. Each section of AIEE 
Proceedings contains the full, formal text of 
a technical program paper, including dis- 
cussion, if any, as it will appear in the annual 
volume of AIEE Transactions. 

AIEE Proceedings are an interim member- 
ship service, issued in accordance with the 
revised publication policy that became 
effective January 1947 (EE, Dec °46, pp 
567-8; Jan °47, pp 82-3). They are avail- 
able to AIEE Student members, Associates, 
Members, and Fellows only. 

All technical papers issued as AIEE Pro- 
ceedings will appear in Elecrical Engineering 
in abbreviated form. 


Location of 


Order Forms Meetings Covered 


: Midwest General 
Cetra eens, District 
Winter General (1949) 


South West District 
Summer General 


Apr °49, p 25A 


Jul 49, p 47A 


; Pacific General 
Nov *49, p 51A Ea General 


Feb ’50, p 46A Winter General (1950) 
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Regulation of A-C Generators. Included 
in an article describing the method of cal- 
culation of the voltage regulation of a-c 
generators with suddenly applied loads are 
two pages of voltage-drop curves. One set 
is the voltage-drop curves for generators 
with separately-excited exciters, and the 
other set is for generators with self-excited 
exciters. With these curves the regulation 
of a-c generators when a heavy load is 
applied suddenly can be calculated (pages 
391-5). 


Vibration Pressure Hypothesis. A 
mathematical hypothesis is presented which 
proposes that the cause of electrostatic 
repulsion is some form of radiation. By 
considering equations for electrostatic re- 
pulsion and for sound radiation the basis for 
the theory is easily seen. This is used to 
explain the action which produces force at a 
distance from itself (pages 397-8). 


Automatic Recording of Electrical Quan- 
tities. Legible and accurate records of 
any continuous flow process are made with 
the Metrotype measuring system. The 
machine selects in sequence the quantities 
to be measured, makes the measurement, 
transmits the readings as far as desired, 
and records them in tabulated numerical 
form. Capable of measuring and record- 
ing a 3-digit reading in 0.8 second, if 
combines the electronic computer tech- 
nique with that of the printing telegraph 
(pages 427-30). 
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COMPLETE LINE OF CORES 
TO MEET YOUR NEEDS 


% Furnished in four standard 
permeabilities —125, 60, 26 
and 14, 


% Available in a wide range of 
sizes to obtain nominal in- 
ductances as high as 281 
mh/1000 turns. 


‘k These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu- 
lation over the core. 
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HIGH Q TOROIDS for use in 
Loading Coils, Filters, Broadband 
Carrier Systems and Networks— 
for frequencies up to 200 KC 


For high Q in a small volume, characterized by low eddy current 
and hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal 
Cores are commercially available to meet high standards of physical 
and electrical requirements. They provide constant permeability 
over a wide range of flux density. The 125 Mu cores are recom- 
mended for use up to 15 ke, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke, 
and 14 Mu at 50 to 200 ke. Many of these cores may be furnished 
stabilized to provide constant permeability (+0.1%) over a specific 
temperature range. 


* Manufactured under licensing arrangements with Western Electric Company. W&D 2930 
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The President Says— 


Happy Birthday! 


F IT HAD not been for Professor Walter J. Seeley, Vice- 

President of District 4, we should have missed this one. 
At the last meeting of the Board of Directors on February 
2, he called our attention to the fact that the first Student 
Branch Conference of the Institute was held 25 years ago 
this spring under the joint auspices of the Philadelphia 
Section and the Student Branch at the University of 
Pennsylvania. He reminded us of the results of that first 
conference and urged some appropriate observance of its 
25th anniversary. As usually happens to the maker of a 
good suggestion, he was given the job of writing the story. 
It is a story by an eyewitness. He was Chairman of the 
Student Branch Committee of the Philadelphia Section at 
the time. Our thanks to him for the reminder and for 
preparing the article. (See page 389.) 

Those who had the major part in organizing that first 
Student Branch Conference are named in Professor Seeley’s 
article. ‘To them and to their associates our everlasting 
appreciation for their interest, initiative, and foresight. 
They started something of incalculable value to the suc- 
ceeding generations of students and to the Institute as well. 
Also, our congratulations to the Philadelphia Section and 
to the University of Pennsylvania Branch upon their 
sponsorship of this successful enterprise. 


Congratulations! 


ONGRATULATIONS to the Student Branch at the Illinois 

Institute of Technology upon the program they 
initiated in 1948 (see page 388), a year in advance of 
the suggestion I made in my address at the 1949 Fall 
General Meeting in Cincinnati. I wish that I might 
have known about it at the time so that I could have used 
it as an example. 

Thanks to Professor Eric Gross for calling it to your 
editor’s attention and to Frank R. Roubik, Chairman of 
the Branch, for his excellent article. 

How many other lights are hidden under bushels? 


James F, Fairman, President AIEE, is Vice-President, Consolidated Edison Company 
of New York, Inc., New York, N. Y. 


Who knows 
when experiments of this kind will lead to broadly beneficial 
results similar to that of the Philadelphia story cited. 


Let’s have more reports from the grass roots. 


Let’s Finish the Job 


I REFER, Of course, to the second opinion poll as presented 
in the March 1950 Electrical Engineering, pages 191-4. 

As of the time this goes to press, the returns are dis- 
appointing in number, less than one-third of the number 
received from the first poll taken last fall. Surely all who 
expressed an opinion the first time should be willing to take 
advantage of this opportunity to affirm their original 
verdict or to change it if they so desire in the light of a 
better understanding of the problem. Surely many of 
those who overlooked the earlier poll will want their views 
to influence the course we shall choose for the future. 
Surely all will agree that your Board of Directors can 
proceed with more confidence that they are carrying out 
policies approved by the membership if a substantial 
majority of the total membership indicates its opinion as 
to each of the three propositions on the postal card. 

To afford everyone an opportunity to have his opinion 
taken into account, the deadline has been extended to 
May 15. Dust off the March issue, turn to page 193, detach, 
mark, and mail that postal card. Do it now. 

At many Section meetings, I have been asked: ‘‘What 
does the Institute think?’ I have always replied: “That 
is what we are trying to find out. You are the Institute. 
What do you think?” 

The results will be published by Sections and by Districts 
as before. Each of us will want his Section to make a 
good showing of interest. It’s up to each of us, isn’t it? 
Let’s show the students that we old fellows are alive too. 

And yes, the students can express their opinion. It will 
be their Institute in a very few years. We need to know 
what they think. Students should indicate that fact by 
putting the name of the Branch on the line for the Section. 

Let’s have a little healthy competition. 


Last Call for Your Opinion on Institute Policy 


May 1950 


Fairman—The President Says 


Report From the Grass Roots 


FRAN RR 


ROUBIK 


STUDENT MEMBER AIEE 


N RECENT YEARS, engineering students have been 
| eee reminded that, in addition to their technical 

abilities, they must acquire and maintain poise, under- 
standing, and a co-operative spirit in their daily associa- 
tions with other people. 

This ‘‘getting along with people’? requirement seemed 
perfectly logical and was accepted by most of the students, 
but the young engineers were not satisfied. What was to 
serve as a reference, a guide to proper human relations? 
Assuredly, many books and articles had been written 
about the importance of the co-operative attitude in 
industry, and many authors had presented as many of 
the unwritten yet observable laws of industry as they could 
recall from their personal past experiences.* From these 
works, the industrious student could surely establish a 
plane of reference for the proper industrial social conduct. 

During the fall term of 1948, the AIEE Student Branch 
at the Illinois Institute of Technology in Chicago, under 
its Chairman, James H. Kogen, decided to augment the 
available material by a series of lectures dealing with 
these highly important topics. This was an entirely new 
field for the Branch, but with a national organization of 
practicing engineers as potential lecturers the program was 
slated for success. 

As a broad over-all topic for the lecture series, the 
Branch selected: ‘“‘What Does Industry Expect of the 
Junior Engineer, and What Can the Junior Engineer 
Expect in Return?” Aided by the Students and Young 
Engineers Committee of the AIEE Chicago Section and 
Counselor Dr. Eric T. B. Gross, the program of presenting 
lecturers who could inform the 340 Branch members 
about the human side, the ever-evasive, ever-changing 
aspects of the engineering profession, was inaugurated. 

The Chairman of the Chicago Section at that time, 
F. D. Troxel, Chief Electrical Engineer, Vern E. Alden 
Company, Consulting Engineers, presented the first lecture 
of the series entitled, “Opportunities in Engineering.” 
In his presentation, he warned the students that regardless 
of their technical training and proficiency, they would 
always be in a position of soliciting co-operation from other 
people. In order to clarify his statements, he discussed 
several basic human engineering problems observed while 
with the Manhattan Project. 

During the early winter of 1948, the Illinois Law for 
Professional Engineers was receiving much attention and 
the Branch was most fortunate in obtaining Titus LeClair, 
Assistant Chief Electrical Engineer of Commonwealth 
Edison Company, Chicago, as the second guest lecturer; 


Frank R. Roubik is Chairman (1949-50) of the AIEE Student Branch at the Illinois 
Institute of Technology, Chicago, III. 


* See, for example, an excellent brochure available for 50 cents from the Bookstore of 
Northwestern University, Evanston, Ill., entitled: ‘On Views and Guides for the Elec- 
trical Engineer,” by J. F. Calvert and W. J. King. 
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he discussed ‘‘The Laws for Professional Engineers and 
How They Affect the Student.” 

These gentlemen were only the vanguard of a long list 
of prominent engineers that the Student Branch was 
fortunate in obtaining. Guest lecturers included: E. J. 
Howard, Supervisor of College Employment for Illinois 
Bell Telephone Company; Alex D. Bailey, Vice-President 
in charge of Operations, Commonwealth Edison Company, 
Chicago: Francis A. Cox, Assistant Electrical Engineer, 
Public Service Company of Northern Llinois; Edwin W. 
Seeger, Vice-President in charge of Development, Cutler- 
Hammer Inc., Milwaukee, Wis.; Frank V. Smith, Chief 
Electrical Engineer, Sargent and Lundy, Engineers; P. A. 
Abetti, Research Engineer, General Electric Company, 
Pittsfield, Mass.; G. B. West, Chief Engineer, Illinois 
Bell Telephone Company; P. B. Garrett, Editor, Electric 
Light and Power, Chicago. All these men presented their 
views on the problems which a junior electrical engineer 
encounters in industry. Their formal presentations were 
supplemented by anecdotes of personal experiences, the 
value of which will certainly be realized by the Student 
members in the years to come. 

As an example of how the question was treated, Mr. 
Smith divided the electrical engineering profession into 
various categories and then listed the temperaments and 
traits needed for each established category. Dr. Abetti 
presented the topic, ‘“‘How Collective Genius Contributes to 
Industrial Progress,’ which indicated quite clearly how 
the co-operative attitude is needed in the operation of 
modern industrial organizations. 

As for the future, this Student Branch will continue to 
present the special series of lectures dealing with the human 
aspects of engineering, in addition to its regular technical 
meetings and to field trips to manufacturing and power 
plants in the Chicago area. Also included in the Branch 
activities is the annual undergraduate and graduate 
students Papers Contest and the Young Engineers Night, 
both sponsored by the AIEE Chicago Section, which 
provide ample opportunity for the students to meet many 
of their fellow members and also practicing engineers. 
Thus, through actual participation the students learn the 
vital role that human relations play in engineering. 

From the men in industry, the Branch members at the 
Illinois Institute of Technology have heard, questioned, 
and learned much about the unwritten laws of engineering. 
If industry continues to co-operate with the Student 
Branches by providing a beforehand account of some of the 
nontechnical pitfalls the junicr electrical engineer will 
encounter, Mr. Fairman and all AIEE members can be 
quite certain that the “‘grass roots” of the coming engineer- 
ing generation will be most firmly planted in the best of 
all soils, understanding. 


ELECTRICAL ENGINEERING 


A Quarter Century of Student Branch 
Conference Activity 


W. J. SEELEY 


FELLOW AIEE 


UST 25 years ago the first Student Branch Conference 
of the AIEE met at the University of Pennsylvania in 
Philadelphia. It was then called a Student Branch 

Convention and was a joint activity of the Philadelphia 
Section and the Student Branch at the Moore School of 
Electrical Engineering. The following account of that 
meeting is quoted from the April 1925 AIEE Journal: 


An innovation for the Institute, a Student Branch convention, was 
held on March 9 at the Moore School of Electrical Engineering, 
University of Pennsylvania, under the direction of the Philadelphia 
Section. Students from nine colleges and others attended the meet- 
ing making a registration of about 300. The meeting lasted one day 
and consisted of technical papers by students in the morning, inspec- 
tion trips in the afternoon, and dinner and an address by President 
Farley Osgood in the evening. 

This meeting was entirely worth while to the students and to the 
Institute. It increased the students’ interest in AIEE affairs and 
gave them an excellent opportunity to meet the electrical students 
from the other colleges. ‘Those responsible for the arrangements 
deserve high commendation. The technical session consisted of: 


“The Small College in Engineering Education,” by John B. Donal, Swarthmore College 
“A Voltage Survey,” by F. J. Berger, Lehigh University 


“Radiobroadcasting at Haverford College,’ by Winthrop M. Leeds and Gerald C. 
Gross, both of Haverford College 


“The Oil-Electric Locomotive,” by J. B. Powell and C. L. Craven, both of Lafayette 
College 


Three inspection trips were made in the afternoon. These were to 
Delaware Station of the Philadelphia Electric Company, Parkway 
Building of the Bell Telephone Company of Pennsylvania, and 
Villanova, Haverford, and Swarthmore Colleges. 

After the dinner in the evening, President Farley Osgood spoke on 
“‘What a College Man Goes Up Against and How to Meet It.” He 
gave a very inspiring talk outlining some of the problems which the 
engineering graduate has to face and giving some very wholesome 
practical advice on overcoming these problems. 

The colleges participating in the convention were Drexel Institute, 
Haverford College, Lafayette College, Lehigh University, Princeton 
University, Swarthmore College, University of Delaware, University 
of Pennsylvania, and Villanova College. Special credit for planning 
and conducting the meeting must be given to the officers of the 
Philadelphia Section, the officers of the Student Branch at Moore 
School of Electrical Engineering, and the Student Branch Activities 
Committee, consisting of professors and other engineers in the territory 
represented, 


It is interesting to follow the careers of the six young men 
who participated in that original meeting to see where 
they are today. ‘Thus, from the 1949 AIEE Yearbook: 


Berger, Francis Joseph (A’27, M44), Inside Plant Engineer, Elec- 
trical Engineering Division, Philadelphia Electric Company, 900 
Sansom Street, Philadelphia 5, Pa.; for mail, 528 Elm Avenue, 
Upper Darby, Pa. 

Craven, Claude L. (M40), Senior Staff Engineer, Bell Telephone 
Company of Pennsylvania, 1835 Arch Street, Philadelphia 3, Pa.; 
for mail, 517 Midvale Avenue, Philadelphia 44, Pa. 


W. J. Seeley is Head of the Electrical Engineering Department, Duke University, 
Durham, N. C., and Vice-President, District 4. 
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Gross, Gerald Connop (M ’42), Assistant Secretary General, Inter- 
national Telecommunication Union; for mail, c/o American Lega- 
tion, Berne, Switzerland 


Leeds, Winthrop Moorhead (A 32, M38, F 48), Manager, Circuit 
Breaker Development Section, Power Circuit Breaker Engineering 
Department, Westinghouse Electric Corporation, East Pittsburgh, Pa. 


Powell, John B. (A’29, M’43), Engineer, Apparatus Department, 
General Electric Company, 129 Church Street, New Haven, Conn.; 
for mail, 153 Woodlawn Street, Hamden 14, Conn. 


Data from the Institute of Radio Engineers 1949 Yearbook: 


Donal, John S. (Institute of Radio Engineers, M ’°40, SM °43), Re- 
search Engineer, RCA Laboratories, Princeton, N. J.; Home: 115 
Snowden Lane, Princeton, N. J. 

The original organizing committee, all but two of whom 
are still functioning actively in Institute affairs comprised: 


Dr. Lewis Fussell, Professor of Electrical Engineering at Swarthmore 
College, now deceased 


Professor L. H. Rittenhouse, of Haverford College, now retired. 
Member for Life 


Professor Morland King, of Lafayette College, now Head of the 


Electrical Engineering Department; Fellow and Member for Life 


O. W. Eshbach, Personnel Director, Bell Telephone Company of 
Pennsylvania, now Dean of Engineering, Northwestern University; 
Fellow 


W. J. Seeley, Chairman of the Student Branch Committee of the 
Philadelphia Section, Instructor in the Moore School; now Head of 
Electrical Engineering Department, Duke University; Fellow and 
Vice-President 


Professor C. D. Fawcett, Chairman of the Philadelphia Section, 
Student Branch Counselor at Moore School, and over-all chairman of 
the convention activity; now Professor of Electrical Engineering, 
Moore School; Member for Life 

It is noteworthy that in both groups early interests in the 
Institute have continued for a quarter century. 

The interest aroused by this first Student Branch Con- 
ference led Sections and Branches in other parts of the 
country to follow the example set in the Philadelphia area. 
In 1926 the District Conference on Student Activities for 
the general discussion of Branch affairs was inaugurated 
on a trial basis, and put into effect universally during the 
following year. In 1947, in accordance with provision 
from the Member-for-Life Fund, the winners of the best 
Student paper competition in each odd-numbered District 
were sent to the Summer Meeting. In the even years 
those from the even-numbered Districts have been sent. 

In 1925, there were 4,700 Students enrolled in 82 
Student Branches. Today, there are 19,878 Students 
enrolled in 130 Student Branches. In 25 years the Phila- 
delphia experiment has attained the status of a major 
Institute activity, and has been an important factor con- 
tributing to the growth and success of the organization. 
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Equalization of Coaxial Lines 
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QUALIZATION of coaxial lines for television service 
involves requirements more severe than those which 
apply for telephone service. Level variations throughout 
the transmission band must be smaller for television trans- 
mission, and the delay distortion, which presents no serious 
problem in the broad-band system used for telephone 
service, must be equalized. This delay distortion within 
the transmitted band arises primarily from gain cutoff 
outside the band and thus usually is of a broad nature. 
The magnitudes, however, are such that a high degree 
of precision is needed to meet television requirements. 
On the Bell System’s coaxial lines now in operation, two 
types of adjustable gain equalizers are employed. One 
type, designated the A equalizer and appearing at each 
main office, provides adjustments designed to compensate 
the principal known gain deviations and, in addition, to 
take care of a wide variety of minor deviations with moder- 
The other type, known as the B equalizer, 
appears less frequently, and provides loss-frequency shapes 


ate precision. 


GAIN IN DB 


IN MICROSECONDS 


ENVELOPE DELAY DISTORTION 


200 1000 2000 3000 
FREQUENCY IN KILOCYCLES 
Figure 1. Transmission characteristics of Washington-Chicago 


circuit 


which are largely complementary to those incorporated in 
the A equalizer. In combination, the two equalizers pro- 
vide a rather powerful tool for adjusting the gain through- 
out the entire band. 

The envelope delay distortion of a coaxial line is of the 
order of four microseconds per hundred miles at the lower 
edge of the band and 13 microseconds at the upper end. 
Delay equalization is provided which increases the delay 
at other parts of the band to the system delay at the upper 
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edge of the band, with some further increase in the form 
of a constant delay. The bulk of the delay equalization 
required for a length of the order of a hundred miles is 
provided at the transmitting end. A certain amount of 
adjustable delay equalization is provided to take care of 
variations in the delay due to such things as temperature 
effects, vacuum tube aging, and deviations in amplifier 
performance. 

To take care of differences in system layouts, consider- 
able flexibility is required in the delay equalizers available. 
This has been accomplished by providing a series of 
“building blocks” of delay equalization beginning with a 
large unit which will equalize a representative long section 
between television dropping points and progressing through 
successively smaller units until the residual interpolation 
can be made with adjustable units. 

Since there are moderate variations in the proportions 
of auxiliary repeater sections, transmitting and receiving 
sections and flat gain amplifiers, for each of which the 
delay distortion characteristic is different, additional flexi- 
bility is required in delay equalizers beyond simply a 
scale-factor change. ‘This is accomplished by incorporating 
minor changes in the delay-frequency characteristics of 
some of the smaller units, and more particularly by pro- 
viding supplementary units which bridge the gaps between 
the various system layouts, that is, between the various ex- 
tremes in proportions of the several components which con- 
tribute to delay distortion. 

The usefulness of adjustable equalizers, both for gain 
and for delay, obviously depends upon the availability of 
adequate measuring equipment and test procedures. 
Point-by-point measurements have been used to date, 
although automatic recording equipment is under develop- 
ment. Visual indication of the gain-frequency character- 
istic on a cathode-ray tube has been used successfully on an 
experimental basis, but further experience with television 
transmission on coaxial systems will be required before a 
sound decision can be made on the ultimate gain and delay 
measuring equipment. 

An example of coaxial system equalization for television 
transmission is shown in Figure 1, which exhibits the 
measured gain and envelope delay distortion for a circuit 
from Washington to Chicago. In this connection, it should 
be noted that the single-sideband television signal has its 
carrier at about 311 ke and a vestigal sideband extending 
roughly to 200 kc. Figure 1 is representative of the per- 
formance presently obtainable with these facilities, al- 
though perhaps not as good as that which might be realized 
from an installation incorporating recent improvements. 


Digest of paper 49-248, “Equalization of Coaxial Lines,” recommended by the AIEE 
Committee on Communication and approved by the AIEE Technical Program Com- 
mittee for presentation at the AIEE Fall General Meeting, Cincinnati, Ohio, October 
17-21, 1949. Scheduled for publication in AIEE Transactions, volume 68, 1949. 


K. E. Gould is with the Bell Telephone Laboratories, Inc., New York, N. Y. 
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Regulation of A-C Generators With 
Suddenly Applied Loads 


Cole Aa Roh eG COMBE KALLE MaCLAy TON 
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HE determination of 
the voltage regulation 
of a-c generators with sud- 
denly applied load has be- 
come a problem of consider- 
able importance. When the 
load which may be added sud- 
denly is appreciable compared 
with the connected generating 
capacity, consideration must 
be given to the effect of the voltage drop on other con- 
nected load as well as on that just added. Too great a drop 
may result in the dropping out of a-c contactors on other 
equipment, stalling of heavily loaded motors, malfunction- 
ing of radar or other voltage-sensitive equipment, and in 
adverse effects upon the starting characteristics of motors 
thrown on the line. Relatively small power plants with 
large motor loads are particularly subject to this phenom- 
enon since the starting load may be several times the 
running load. Examples are isolated coast-defense gun in- 
stallations, naval ship-service generators, industrial power 
plants, and auxiliary house generators of central-stations. 
In the latter case a heavy motor load may be transferred 
to the house generator if the normal supply fails. 

The curves presented in this article are the mathematical 
solution of a basic regulating system whose performance 
may be expressed as follows: At time zero (Figure 2), a 
load, or an additional load, is suddenly thrown on the gen- 
erator, causing a sudden drop in terminal voltage. A defi- 
nite time, A, later a direct voltage is suddenly impressed 
in the exciter field circuit and starts to build up the exciter 
field current. In the indirect acting regulator this is ac- 
complished by closure of the quick-response contactor, Q, 
Figure 1. As the exciter builds up, the downward trend of 
generator voltage is halted at some time, ¢, and the voltage 
is started upward toward normal. 


VOLTAGE-DROP CURVES FOR A-C GENERATORS 


The voltage-drop curves for generators with separately 
excited exciters are given in Figure 3. There are 12 graphs 


REGULATOR) 


Components of excitation system with indirect-acting 
regulator and separately-excited exciter 


Figure 1. 
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When a large motor is added to the load of a 
relatively small power plant, the effect of the 
voltage drop on other connected load as well 
as on that just added must be considered. 
This article gives curves and methods used in 
calculating the voltage regulation of generators 
with suddenly applied loads of relatively large 
magnitude. 
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in all, covering four values of 
exciter response, R, from top 
to bottom, and three values of 
generator open-circuit 
constant, J,,’ from left to 
right. Each graph isa family 
of five curves for different 
values of generator transient 
reactance, x,’. The maximum 
voltage drop is plotted as ordi- 
nate against the suddenly-applied load as abscissa. The 
applied load is treated as a fixed impedance of low power 
factor and is expressed, not as the current actually drawn, 
but in terms of that which would have been drawn with 
maintained voltage. This current is expressed in per cent 
of generator rating. 

The simplest problem is a direct one. It is to determine 
the voltage drop that would be caused by a 300-horsepower 


time 


Figure 2. 
versus time after a sudden 
load application attime0. A 
direct voltage is applied to 
exciter field at time h. 


Terminal voltage 


TERMINAL 
VOLTAGE 


fo} 


t 
i 


IME 


induction motor starting at reduced voltage of 60 per cent 
through a starting transformer on a 2,000-kva generator 
having an open-circuit time constant, 7,,’, of 3.0 seconds, 
and a transient reactance, x,’, of 20 per cent. The ex- 
citer response, R, is 1.0, and an indirect acting regulator 
with quick response contactors is used. ‘The full-voltage 
starting current of the motor is given as 6.5 times normal 
and the rated kva as 280. 

At the reduced voltage (assumed maintained) the motor 
inrush in per cent of generator rating would be 


2806.5 X (0.60)? 
2,000 


_ 656 
~ 2,000 


Applied load = = 32.8 per cent 


In Figure 3, curves are available for a response of 1.0 but 
it will be necessary to interpolate between 7,’ = 2 and 4. 


Essentially full text of paper 50-58, ‘“‘Regulation of A-C Generators With Suddenly 
Applied Loads,” recommended by the AIEE Committees on Pcwer Generation and 
Transmission and Distribution and approved by the AIEE Technical Program Com- 
mittee for presentation at the AIEE Winter General Meeting, New York, N. Y., January 
30-February 3,1950. Scheduled for publication in AIEE Transactions, volume 69, 1950, 


E L. Harder, R. C. Cheek, and J. M. Clayton are with the Westinghouse Electric 
Corporation, East Pittsburgh, Pa. 
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Figure 3. Voltage drop versus suddenly applied load for generators having separately excited exciters and with various tran- 
sient reactances, xq’, time constants, xgo’, and nominal exciter responses, R ~ 


392 


Harder, Cheek, Clayton—Regulation of A-C Generators 


ELECTRICAL ENGINEERING 


For R = 1.0, T,,’ = 2.0, the voltage drop at 32.8 per 
cent load is 6.5 per cent as read on the curve for x,’ = 20 
percent. For R = 1.0 and 7,,’ = 4.0, the drop at 32.8 
per cent load is 6.4 per cent. These values are the same 
within the accuracy of the curves. The voltage drop may 
be taken as 6.5 per cent. 


FACTORS INFLUENCING VOLTAGE REGULATION 


The maximum voltage drops have been given as func- 
tions of the four principal parameters; namely, added load, 
generator transient reactance, generator time constant, and 
exciter response. There are a number of other factors en- 
tering into the equations for maximum voltage drup, but 
as has been shown previously,! these are generally minor 
factors, which justifiably can be represented by average 
values in determining voltage drops. 

Typical values of the principal factors affecting voltage 
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drop are given in Table I and Figure 4. In the table the 
value above the line represents the average of a large num- 
ber of machines considered and the values below the line 
give the range. The values of all the minor parameters 
held constant in the study are given in Table II. 


Generator Synchronous Reactance and Short-Circuit Ratio. ‘The 
maximum voltage drop increases with an increase in syn- 
chronous reactance, x,. With average generator and ex- 
citer characteristics, the change in maximum drop at 100 
per cent applied load is about two parts in 25 as x, is varied 
from 120 per cent down to 100 per cent or up to 140 per 
cent. With 20-per cent saturation at no load, the corre- 
sponding variation in short-circuit ratio is from 1.0 up to 1.2 
or down to 0.86. These variations from the average x, 
of 120 per cent are as large as are usually encountered 
among normal machines, and the curves of Figure 3 can be 
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eS peel, 


Figure 5. Components of excitation system with direct-acting 
regulator and self-excited exciter 


used directly for normal machines without serious error for 
most purposes. 

An accurate figure for maximum voltage drop may be re- 
quired in some cases where generator synchronous react- 
ance differs greatly from 120 per cent. The curves of 
Figure 3 can be used for the precise determination of drop 
in such cases by first expressing generator reactances and 
the applied load on a new kilovolt-ampere base, such that 
x, on the new base is 120 per cent, and then applying the 
curves. For example, suppose a low-power-factor load of 
1,500 kva (expressed at full voltage) is to be applied to a 
3,000-kva generator having 30-per cent transient reactance 
and 150-per cent synchronous reactance. Suppose that the 
generator time constant is 4.0 seconds and the exciter has a 
nominal response of 1.0. To determine the drop, express 
the transient reactance and the applied load on the kilo- 
volt-ampere base upon which x, is 120 per cent. The base 
in this case will be 3,000 X 120/150 = 2,400 kva. On this 
base the transient reactance x,’ is 30 X 2,400/3,000 = 24 
per cent, and the applied load is 1,500/2,400 = 62.5 per 
cent. From the curves of Figure 3, the maximum voltage 
drop is 13 per cent for 62.5-per cent load applied to a gen- 
erator having 24-per cent transient reactance, a time con- 
stant of 4.0 seconds, and an exciter of 1.0 nominal response. 


Table I. Typical Values of Principal Factors Affecting Voltage 
Drop* 
Xd Xd’ saturated 
Two-pole turbine generators...........-..---. L110 ig stojerentisietsins sake 0.155 
0.95-1.45 0.12-0.2% 
Four-pole turbine generators................-. ees on Soktnae core 0.23 
1.00-1 45 0.20-0.28. 
Salient-pole generators ars care e soled teat ete rel Le. orn Cea geno DATS 0.37 
0.60-1.45 0.20-0.50 
UEP Gera gee) Sh AOE A DRAGS COTA OC Goto DOO GO os ONO una HCOORT ITE OOnC. 1.0 
O55=3 20 


* Reactances are per unit. Values below the line give the range of values, while those 
above give an average value. 


Table II. Summary of Basis of Curves of Figures 3 and 6 

Description Notation Value 
Direct-axis transient reactance........-..2.eseeseeees Xd eeteisss 1.06 xa’ saturated 
Direct-axis synchronous reactance...........-.00-00s- owl Gucci 1.20 per unit 
Quadrature-axis synchronous reactance.............-. X gietele sais 0.75 per unit 
Excitation for saturation at no load, normal voltage.............. 0.20 per unit 
Regulator equivalent operating time.......... esse ee eee e cee 0.05 second 
Added load——constant impedance...... 2... see eee e eee eeenes 0.35 power factor 
Leste Gels mob ac Hone Gee OTD COC CO OOC COCO UD OOC TI Mtr Zero 


As shown in Figures. 


Regulating systems... 20.1... sce eee eee reece tec e cece ececes 
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Figure 6. Voltage drop versus suddenly applied load for generators having self-excited exciters and with various transient 
reactances, xq’, time constants, T go’, and nominal exciter responses, R 
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This same maximum drop would be obtained with the 
machine and load under consideration. 


Generator Open-Circuit Time Constant. This time constant, 
T,,’, 1s the ratio of inductance to resistance of the generator 
field circuit under unsaturated conditions. The resistance 
should include all resistance in the field circuit. Typical 
values for the machine alone are given in Figure 4. 

The exciter response, R, is the nominal response as de- 
fined by the American Standards Association. It is the 
average rate of open-circuit exciter voltage increase from 
nominal voltage during the first half-second after the field 
resistance is short-circuited expressed in per unit of nominal 
voltage. Nominal voltage is understood to be that re- 
quired on the slip rings when the generator is operated at 
rated voltage, load, and power factor. It is necessary that 
the response, R, used in estimating voltage drop be based on 
cutting out the same resistance as is cut out by the quick- 
response contactors in the actual application. 


Regulator Operating Time. The regulator operating time, 
h, has been taken as three cycles or 0.05 second. The 
quick-response contactors of indirect-acting regulators are 
frequently guaranteed to operate within this time for a 
voltage drop of ten per cent or more. If the transient 
reactance voltage drop is insufficient to operate the quick- 
response contacts, the regulator action is comparatively 
slow and the curves do not apply in this region. 


Initial Load. ‘The curves are based on no initial load but 
apply also if initial load is present. The initial load causes 
somewhat less drop if the load is static, somewhat more 
drop if the load is dynamic (running motors), and about the 
same drop if the load is evenly divided. Thus the no-load 
case is also typical of an average mixed initial load. 


Characteristics of Applied Load. The curves of Figure 3 are 
based on a constant-impedance applied load, which can be 
used to represent an induction motor during the starting 
period. In the curves the power factor of applied load was 
taken as 35 per cent, a typical motor-starting power factor. 
The maximum voltage drop is practically the same for all 
power factors from zero to 40 per cent but decreases 
rapidly for power factors above this. 

The regulating system for generators having self-excited 
exciters is shown in Figure 5. The voltage-drop curves for 
this regulating system are included in Figure 6. 


CONCLUSIONS 


As a result of the studies described in this article and 
previous studies,! the following conclusions have been 
reached regarding the importance of factors affecting volt- 
age drop with suddenly-applied low-power-factor load: 


1. The maximum voltage drop accompanying suddenly-applied 
low-power-factor load can be expressed in terms of four main param- 
eters for generators with self-excited exciters and separately-excited 
exciters. 


2. In the generator, the transient reactance and the open-circuit 
time constant are of prime importance. Reasonable variations in 
synchronous reactance have less effect. A method is presented for 
correcting for wide variations in synchronous reactance when using 
the voltage-drop curves; this method applies to generators with 
self-excited or separately-excited exciters. Variations in quadrature 
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reactance and saturation have practically no effect on maximum 
voltage drops. 


3. For self-excited and separately-excited exciters, the nominal 
response adequately expresses for practical cases the effect of exciter 
characteristics upon maximum voltage drops. 


4. The regulator operating time, initial load, and variations in the 
power factor of the applied load from 0 to 40 per cent have negligible 
effect on the maximum voltage drop. 
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New Discovery in Low-Temperature 


Physics 


Settled at last is a 9-year-old controversy over the energy 
content of Helium II, that intriguing liquid which flows up 
the walls of a containing vessel in seeming defiance of 
gravity and issues without friction through virtually 
vacuum-tight openings. 

The dispute originated in this manner: Scientists dis- 
covered that Helium II, a substance which comes into 
existence at 2.19 degrees Kelvin (liquefaction point of 
ordinary helium is 4.2 degrees Kelvin), has two constituents, 
a normal fluid and a superfluid. It is the superfluid which 
is responsible for the strange behavior of Helium II. 

Two theories were devised to explain the unusual physi- 
cal properties of the superfluid. L. Tisza in 1940 postu- 
lated that the atoms of this substance contain a small 
amount of thermal energy. The following year, L. Landau 
stated that superfluid atoms possess absolutely no thermal 
energy. 

There was a way to solve the dilemma, however. Both 
men predicted the existence in Helium II of a heat-propa- 
gating phenomenon known as “second sound,” so called 
because heat was expected to travel through the liquid in 
a manner resembling sound. Each agreed in their estima- 
tion of second-sound velocity from 2.19 degrees down to 
1.3 degrees. At the latter temperature, there was a di- 
vergence of opinion. Decreasing temperatures will increase 
the velocity, stated Landau. Tisza maintained that further 
cooling would decrease second-sound velocity. 

Thus, the question of superfluid energy content could be 
solved by measuring the speed of the sound-like heat waves 
at temperatures below 1.3 degrees. This is what two 
National Bureau of Standards men, J. R. Pellam and 
R. B. Scott, have done. They have found that the velocity 
of second sound rises from 60.4 feet per second at 1.1 de- 
grees to 111 feet per second at a temperature between 
0.5 and 0.7 degrees. This confirms Landau’s thesis that 
superfluid atoms have a zero thermal energy content. 

Cryogenic researchers have scant hope of ever achieving 
absolute zero, but the Bureau’s verification of Landau’s 
theory raises the possibility that experimenters will come 
closer to that ideal condition. This could be done by 
separating superfluid from the normal fluid of Helium 
II, and utilizing the superfluid’s zero-energy properties. 
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A New Automatic Load Control for Turbine Generators 


HH: B. RUUD 


N AN interconnected power system, load changes 

sufficient to affect system frequency are shared by all 
the generators on the system in proportion to their ratings 
and their governor characteristics. While this is desirable 
in most instances, it may present a problem where large 
fluctuating loads are remote from major sources of genera- 
tion. Such a problem exists in the case of a new aluminum 
rolling mill near Davenport, Iowa, whose electrical re- 
quirements are supplied by the Iowa-Illinois Gas and 
Electric Company. The mill load swings are expected 
to vary between 5,000 and 8,000 kw above and below the 
mean load (16,000 kw maximum total swing) and vary 
at a rate of between 2,000 and 5,000 kw per second. 

In order to confine these swings to the local generators, 
rather than letting them flow over the 161-kv transmission 
line which links the Iowa-Illinois Gas and Electric Com- 
pany system with other utilities in Iowa and Missouri, 
a new type of automatic load-regulating equipment is 
being installed on the turbine-generator sets at the River- 
side Station, which is adjacent to the aluminum mill. This 
equipment will cause the controlled machines to vary 
their power output rapidly in response to the demands of 
the mill, and in anticipation of any change in system 
frequency. Thus, the remote machines on the inter- 
connected system will be unaware of the mill load changes, 
and this fluctuating load will be confined locally to the 
controlled machines. In operation, the load control func- 
tion can be assigned to any one of four machines in the 
Riverside Station, or divided among them in any desired 
proportion. While a controlled machine can also carry 
system base load, sufficient margin must be left to permit 
its picking up its assigned share of the mill load swings as 
they occur. This in general will militate toward the use 
of the older, less efficient machines for load regulation, 
leaving the newer machines for base-load operation. 

The controlling quantity is derived from instrument 
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transformers in the mill feeders, and is introduced into a 
bridge circuit which can be balanced at any predetermined 
value of generator base load. Variations in the mill load, 
by upsetting the balance of the bridge, produce a voltage 
at the terminals of a continuously driven amplidyne 
generator. This voltage operates the main generator 
synchronizing motor, which is somewhat oversized to 
afford the necessary high speed of response, and thereby 
causes more or less steam to be admitted to the turbine as 
is required to handle the changed load. Balance of the 
bridge is re-established at the new load level through a 
follow-up system which introduces into the bridge circuit. 
a voltage proportional to the turbine valve position, and 
hence to kilowatt load. Refinements in the circuit permit 
operation of the synchronizing motor at conventional speed 
as required for manual synchronizing and for operation in 
conjunction with the usual tie-line bias control equipment. 

It is to be noted in Figure 1 that the reference voltages. 
and the follow-up voltages are supplied from a common 
source. Not only must these voltages be in phase with one 
another, but also they must be derived from the same phase 
in which the current transformers for the Alcoa load are 
connected. 

Other somewhat similar load control arrangements: 
have had the common characteristic that when the auto- 
matic load-regulating feature was in service, the speed 
governor was rendered inoperative, except that on over- 
speed it could take precedence and shut down the machine. 
Conversely, when the machine was under the control of 
its speed governor, the load-control feature was necessarily 
disconnected. Never before has it been possible to operate: 
a machine under both types of control simultaneously. 
Such a limitation has not been detrimental in past installa~ 
tions since they concerned relatively small machines serving 
industrial power systems which were interconnected with 
larger utility systems. In these instances, it was not ex~ 
pected that the industries’ generators would help support 
the frequency of the interconnected systems. 

The requirements at Riverside, in common. 
with any similar station on a utility system, are such that 
in the event of an emergency each machine must be able 
to contribute its full capabilities toward maintaining 
system frequency. That is, its speed governor must at all 
times be fully operative to help support system frequency. 
The new load control equipment is believed to be unique 
in its ability to do this while simultaneously performing 
its special function of confining the aluminum mill load 
swings to the local generation. 
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Vibration Pressure Hypothesis for Electric 


Repulsion 


ee BeD WibGiael 
FELLOW AIEE 


WOELECTRIC charges 
of the same sign have 
been observed, since the early 
experiments with frictional 
electricity and pith balls, to 
repel each other. An elec- 
trified pith ball is said to have 
an electric field, and a second 
one nearit lies in that field and 
is repelled. The mechanical 
force is ‘faction at a distance,” and standard books give no 
description or explanation of what causes the mechanical 
force or what is happening between the two charges to con- 
vey the action from one to the other. Such a description is 
not given by saying that there is an electric field at all points 
between the two charges—that is merely stating that a 
charge placed at any of the points will be repelled, always 
by action at a distance. Electrostatic repulsion is thus one 
of the mysteries of science. 
The force between two concentrated charges, q, and q. 
electrostatic units or statcoulombs, separated by r centi- 
meters, is 


S dynes 
The same force that causes pith balls to repel also causes a 
beam of electrons to spread or diverge. 

There is another mechanical force acting at a distance, 
namely, the magnetic attraction between two parallel cur- 
rents of the same sign. If the charges g, and gq, are moving 
in parallel directions with velocity v and are abreast of each 
other at a separation of r centimeters, they represent cur- 
rents of g,v/c and q.uv/c abamperes where c is the conversion 
factor between electromagnetic and electrostatic units of 
charge. By Ampére’s formula, putting sin @ = 1, the at- 
traction is 


1192 v* 
r2 c 
which is the same as 


Zdlytedls 


r2 


The net repulsion between moving charges in this case is 


q1492 v 
() =") () 


This expression is experimental, being based on electrical 
measurements. 
An effect occurs in connection with sound which has a 
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In this article, Professor H. B. Dwight considers 
the similarity of the equation for the net re- 
pulsion between moving charges and the equa- 
tions for sound pressure from one moving 
body on another moving body. Because of the 
similarity of the equations, he speculates that 
the force which causes electrostatic repulsion 
is a form of radiation. 
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strong resemblance to equa- 
tion 1. If two automobiles A 
and B, Figure 1, are abreast at 
distance r, and moving with 
velocity v, and if sound is sent 
out from A, the sound which 
reaches B at the instant illus- 
trated has traveled along the 
sloping line of length st, where 
sis the speed of sound and ¢ 
is the time of the travel. The intensity of the sound and the 
pressure on an object which it strikes vary inversely as s?¢? 
if the sound is sent out uniformly in all directions. The 
ratio of the pressure on B, to the pressure P when A and B 
are stationary, is 


72 242 — 7 242 y2 


57¢? 


s2t? g2 
v2 
Pressure = P (: — (2) 


In this simple case the sound appears to B to arrive along 
the direction of r, Figure 1, and the frequency is the same as 
for the stationary case. There is no change in angle or fre- 
quency from Doppler effect. 

The second term of equation 2, namely, — Pv?/s? is the 
reduction in P because of motion. It corresponds to the 
second term in the bracket of equation 1, which is the mag- 
netic force. It may then be said that there is a “magnetic”’ 
attractive force on automobile B due to sound pressure. It 
is, of course, purely mechanical and has nothing to do with 
magnetism. 

With sound waves, the action by which the energy is 
carried from one body to another and exerts pressure on it 
can be traced mechanically in detail and is not to be called 
action at a distance. 

The similarity of equations 1 and 2 could suggest that 
equation 1 as well as equation 2 is an expression for vibra- 
tion pressure, corrected for the motion v of the source. 
Since, as is well known, the electrical conversion factor ¢ 
agrees with the numerical value of the velocity of radiation 
with high precision, the suggestion would follow that the 
vibration which gives electrostatic repulsion is radiation. 
This is natural, for radiation is the only vibration we know 
that goes through brick walls or a vacuum, as magnetism 
does. 

The hypothesis that electric force, gravity, and inertia 
are manifestations of radiation pressure was published in 
1931 by the late Professor James Mackaye of Dartmouth 
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College in his book ““The Dynamic Universe.”! He de- 
scribed attraction as a reduction in repulsion or a shielding 
from outside repulsion. Thus, our weight would represent 
a pressure by radiation from the sky, the earth shielding us 
from radiation coming from the opposite direction. 

In 1929, this writer made the preliminary calculations 
for chapter 36 of his book ‘‘Electrical Coils and Conduc- 
tors’? and used the hypothesis that electric repulsion was 
radiation pressure and was subject to Doppler effect before 
he had heard of Mackaye’s hypothesis. 

For many years, the electromagnetic laws have been de- 
rived in the books by Leigh Page*45 by computing electric 
repulsions and attractions and using relativity corrections 


vt 
A ——_-_ eV 
Figure 1. 4 and B are moving 
st r at a velocity y, and a sound 
emanates from 4 
B — > Vv 


where there are moving charges. The corrections are of the 
form of powers of (1—v?/c?), similar to the bracketed part 
of equations 1 and 2. 

The radiation assumed by Mackaye’s hypothesis, as re- 
gards electric forces, acts on electrons, which are much 
smaller than atoms or molecules. Such radiation would be 
expected to have wave lengths of a lower order of magnitude 
than those of radiation which would affect molecules, or 
photographic film, or other laboratory apparatus. It might 
be that the only evidence of such radiation would be the 


familiar pressure produced. If so, information is more 


likely to be obtained by calculation than by measurements. 

The mobile electrons are held inside a metal wire by 
something like surface tension, as is shown by the difficulty 
of emission of electrons from electrodes when cold. If a 
direct current is flowing in a wire and a second portion of 
insulated wire is held at right angles to the first and moved 
in the direction of the current flow, we have a case similar 
to Figure 1. The electrons in the second wire are urged 
along it; that is, an electromotive force is induced in it and a 
current would flow if a metal path were provided. The 
‘surface tension”’ of the second wire, which makes the elec- 
trons partake of the sideways motion of the wire, is a neces- 
sary part of the problem. This is a simple case of motional 
electromotive force. 

In conclusion, to state that there is an electric or mag- 
netic field is merely to say that action, producing force, can 
take place at a distance, and this leaves a gap in our knowl- 
edge as to what is happening to convey the action across 
the distance. Mackaye’s hypothesis of radiation pressure 
proposes an explanation to fill this gap in present knowledge. 
To propose a hypothesis is a scientific procedure. This 
hypothesis does not seem to call for a change in any present 
formula or equation. No fact appears to have been brought 
forward by which one must say ‘‘It is impossible that elec- 
trostatic repulsion is radiation pressure.’ No other hy- 
pothesis seems to have been published that offers an explana- 
tion of the mystery of these actions at a distance. 
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Giant Grand Coulee Motor 


Workmen are making final adjustments on a 
330-ton 65,000-horsepower motor, slated to be 
installed in the Bureau of Reclamation’s new 
pumping plant at Grand Coulee Dam on the 
Columbia River. This and an identical machine 
will help irrigate a vast expanse of rich but dry 
land in south-central Washington. Built by the 
General Electric Company, the two motors will 
drive the world’s largest pumps, each capable of 
moving enough water to equal the daily require- 
ments of 35 cities the size of Schenectady, N. Y. 
Operating under optimum conditions, each pump 
will supply more than a billion gallons of water a 
day. Each of the huge motors is 25 feet high 
and 100 feet around the base. Because of their 
tremendous size, they had to be partially dis- 
assembled for shipment. Installation in the 
pumping plant will start about August 1950, and 
pumping of water will begin in May 1951 
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1950 Employment Programs for Graduates 
in Engineering and Physical Science 


N VIEW of the response to its 1949 survey of employ- 
ment programs for engineering graduates and the 
interest in that survey’s results (see EE, Jul’49, pp 
565-8), the General Survey Committee of the Engineers 
Joint Council now has completed a similar survey of the 
1950 programs. 
The points covered by the new survey are as follows: 


1. The relative demand in 1949 and 1950 for inexperienced graduates 
in engineering and physical science from industry, government, and 
the engineering colleges. Last year’s survey did not cover graduates 
in physical science or the demands from engineering colleges. More 
detailed information concerning the numbers of men sought with 
bachelor’s, master’s, and doctor’s degrees was requested this year. 


2. The 1950 starting salaries for such graduates with bachelor’s, 
master’s, and doctor’s degrees, together with related information on 
differentials by curricula, credits for military service, and increases 
during the first year of employment. 


Information secured last year concerning the trend of 
salaries for engineering graduates ten years out of college 
was not requested in 1950. 
the 
nature of the sample covered, 
both surveys requested infor- 
mation concerning the char- 
acter of the responding or- 
ganization, its total number 
of employees, and the num- 
ber of graduates in engineer- 
ing and in physical science 
in its employ. 

By concentrating in part 
on organizations responding 
last year, this year’s survey 
was limited to 311 industrial 
companies and 45 govern- 
mental agencies. The 114 engineering colleges included 
were those for which, with a few minor exceptions, the 
dean or president was listed in the 1949 year book for the 
American Society for Engineering Education. Informa- 
tion requested from these institutions concerned only teach- 
ing and research positions requiring more than half-time 
service. Usable information in regard to engineering 
graduates was received in time for tabulation from 144 
companies, 70 per cent of which responded last year, 23 
government agencies, all but one of which did so, and 64 
engineering schools. Eighty-five of the companies, 11 of 
the government agencies, and 28 of the engineering schools 
also provided data concerning graduates in physical 
science. In particular, such data were not furnished by 
schools associated with universities for which the teaching 
in these fields was carried on by the arts and sciences college. 

Although the total number of companies and govern- 


In order to appraise 


present survey, 


participating, would 


Full text of a report issued by the General Survey Committee of the Engineers Joint 
Council. 
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Inspired by the success of its 1949 survey of 
employment programs for engineering grad- 
uates, the General Survey Committee of the 
Engineers Joint Council has completed a similar 
survey for 1950. One important result of the 
the substantial decrease in 
demand for graduates by the organizations 
seem to 
importance of seeking opportunities in the 
great number of relatively smaller industries 
not covered by the survey because of their lack 
of organized employment programs. 


1950 Employment Programs for Graduates 


mental agencies covered is 167, as compared with 198 
last year, it is believed that an excellent sample of organi- 
zations with definite employment programs for technical 
graduates has been secured. As suggested in the discussion 
following, it is probably not a good sample of the entire 
corresponding field of opportunity for such graduates. 
The sample for the engineering colleges seems entirely 
adequate. 


SUMMARY OF THE FINDINGS 


8 les industrial companies providing data on their 
engineering graduates have a total of 3,090,000 em- 
ployees, of whom 66,400 are graduate engineers. Since the 
government agencies included, in general, are technical 
branches of other organizations, their total employee 
figures have little significance, and this is also true of the 
engineering colleges. The agencies, however, have 18,200 
graduate engineers in their employ, and the colleges 6,800. 
Engineering graduates in all organizations covered, 
therefore, total 91,400. The 
organizations also giving fig- 
ures for graduates in physi- 
cal science have 13,100 such 
graduates and 60,000 engi- 
neering graduates employed. 

The former organizations 
state that they 
8,000 
graduates in 1949 and expect 
foe hires, 5.5502 Ore. OU. per 
cent fewer, in 1950. For the 
industrial companies, the de- 
crease is 28 per cent to a 
total of 3,825; for the govern- 
ment agencies, it is 33 per cent 
to 1,420; and for the engineering colleges, it is 44 per cent 
to 310. Decreases are characteristic of all the large 
industrial groups, except chemical companies, and of both 
federal and state agencies. 


employed 
nearly engineering 


indicate the 


The latter organizations employed 1,500 graduates in 
physical science in 1949 and expect to hire 1,250, or 16 
per cent less, in 1950. For the industrial companies, the 
decrease is 18 per cent to 900; for the engineering colleges, 
55 per cent to 100; the governmental agencies, however, 
expect an increase of 40 per cent to 250. With smaller 
numbers, variations by individual industry are of less 
significance, but the chemical industry shows a substantial 
increase here also. 

The estimated employment for engineering graduates 
includes 600 chemical engineers, 1,350 civil engineers, 
1,410 electrical engineers, and 1,530 mechanical engineers, 
with smaller numbers from other curricula. Of the 
graduates in physical science, 660 are expected to be 
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Table I. Employment of Engineering Graduates by Industry, Government, and Engineering 
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x Not given since base less than ten cases. 


Table III. Employment of Engineering Graduates by Size of Industrial Companies 


Engineering Graduates 
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employed as chemists, 415 
as physicists, and 170 trained 
in other related fields. 

By engineering curricula, 
the decreases in expected 
employment are all of the 
same general order of about 
30 per cent, except that a 
decrease of only 5 per cent 


from 1949 is expected in 


chemical engineering. 
Among physical _ science 
graduates, the employment 
of chemists is expected to 
decrease by 14 per cent, but 
that of physicists to increase 
by 7 percent. In both gen- 
eral fields, decreases are ex- 
pected at the bachelor’s and 
master’s level, but an in- 
crease of 27 per cent at the 
doctor’s level. 

With few exceptions, the 
reporting organizations use 
the same basic starting rates 
forall engineering and physi- 
cal science graduates at each 
degree level. Among the 
bachelors, 25 per cent will 
receive a rate of $275 per 
menth or more, 50 per cent 
a rate of $255 a month or 
more (the so-called median), 
and 75 per cent one of $245 
or more. The median for 
the industrial companies is 
also $255, but the corre- 
sponding figure for the gov- 
ernmental agencies and col- 
leges is $260. For organi- 
zations seeking primarily 
chemical engineers the me- 
dian is $280; for other or- 
ganizations seeking mainly 
civil, electrical, or mechani- 
cal engineers, only small 
variations from the general 
$255 figure occur. Among 
industries, the highest me- 
dians are found in the chemi- 
cal and petroleum com- 
panies, $300 and $290 per 
month, respectively. 

For technical graduates 
receiving master’s degrees, 
the over-all median is $320 
per month, and this figure 
is also found in the govern- 
mental agencies and engi- 
neering colleges. In indus- 
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trial companies, it is $5 Table IV. Employment of Gr 


aduates in 


the Field of Physical Science by Size of Industrial 


higher. At the doctor’s Companies 
level, the over-all median of — 
$445 is found also in indus- 

f Number of Number of Total Total 
try and government, but in Employees Companies Employees Engineers 
the engineering colleges the 
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Hired Quotas Per Cent 

Total 1949 1950 Change 
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median rates of organiza- 
tions seeking men from dif- 
ferent curricula. At the 
master’s level, however, 
those employing primarily 


Table V. 1950 Quotas of Engineering Graduates by Curricula and Industry, Government, and 


Engineering Colleges 


chemical engineers use a Number 
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thirds of the governmental 
agencies, is iton an automa- 
tic rather than merit basis. 
Only about one-quarter of the total number of industrial Table VI. 1950 Quotas of Graduates in Physical Science by 


and governmental organizations with 1950 quotas for 
engineering graduates report starting rates for graduates 
in business administration and even fewer a rate for those 
in arts. At the bachelor’s level, a median rate of $250 
is found for both curricula (as compared with $255 for 
technical graduates) and at the master’s level, the medians 
are $275 and $270 respectively (against $320). 
WwW" respect to starting rates, the significant point is 
that those for bachelors have changed very little 
since 1949. The over-all median is the same but the 
relatively high medians then found for organizations seeking 
primarily chemical and mechanical engineers have dropped 
$10 per month. At the master’s and doctor’s levels, 
however, the increased medians indicate a higher evaluation 
of the advanced training. Increases during the first year 
tend to be somewhat smaller and to be given at one time, 
usually later in the period. 
The marked relative decline in the number of organiza- 


tions giving rates for business and arts graduates indicates 
that, within these organizations, employment of such 
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May 1950 


Type of Curricula and by Industry, Government, and Engi- 


neering Colleges 
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Table VI. 1950 Employment of Technical Graduates by Curricula and Activity Areas—Training all such graduates in the 
Levels Combined profession represented by the 
= a participating organizations, 
ineeri 1 Total eae: : 
Industry Government Engineering Colleges ‘o indicated a total demand in 
Per Cent Per Cent Per Cent Per Cent 
Curricula Quota Change Quota Change | Quota Change Quota Change that year for some 25,000 
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The major part of this dif- 


x Base less than ten cases. 


Table VIII. 
Curricula Combined 


1950 Employment of Technical Graduates by Training Levels and Activity Areas— 


ference seems to lie in the 
opportunities found in the 
great number of relatively 
small organizations impos- 
sible to cover in a limited 


Industry Government Engineering Colleges Total survey of this type, most of 
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x Base less than ten cases. 


graduates probably will drop more sharply than that of 
technical graduates. The major value of the survey 
seems to be in the light it can throw on the country’s 
requirements for engineering graduates. The lack of 
background figures for those with physical science degrees 
makes it unwise to attempt any general interpretation of 
those secured for them. 

Extrapolation of the demand for engineering graduates 
reported in the 1949 survey, in terms of the proportion of 
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mand from organizations 

participating in this survey, 

intensive cultivation of the 
smaller organizations for openings not only in engineering 
but in production and operations, leading to supervision and 
sales, offers the best chance for satisfactory placement 
results. In view of the situation, moreover, employing 
organizations with either immediate or long-term needs 
for men with technical training have an exceptional chance 
to fill such needs with carefully selected men. About 
51,000 bachelor’s degrees will be given in engineering 
during 1950. Next year the total will be 30 per cent less, 


ELECTRICAL ENGINEERING 


Table X. Monthly Base Starting Rates Technical Graduates Table XI. Monthly Base Starting Rates Technical Graduates 


With Bachelors’ Degrees With Bachelors’ Degrees by Industry, Government, and 


Engineering Colleges 


By Major Activity Areas 
1950 Medians 
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in that field. The column on “Total Engineering — «Not significant. 
Graduates” in Table II 
makes it possible to com- 
pare the relative numbers of Table XIII. Salary Increases During First Year of Employment 


such graduates and of those 


° : ° . By Major Activity Area 
in physical science in the ae z 
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grams and it is not felt that 
their situation is typical of 
other smaller organizations. 
In Tables V and VI, the numbers of organizations shown _ these numbers and those in Tables I and II show how many 
are those expecting to employ one or more of the types of organizations in each group reported on employment 
graduates indicated in 1950. The differences between programs but stated that their 1950 quota was zero. 


* Providing data on amount of increase; numbers for other items vary slightly. 
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Table XIV. Monthly Base Starting Rates Engineering, Business, 
and Arts Graduates by Principal Engineering Curriculum Used 


= 


Number of Organizations 


Reporting* Medians 
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* Industry and government only. 


Tables VII, VIII, and IX break down the 1950 quotas in 
various ways and in each case show the magnitude of the 
change from 1949, 

In the lower block of Tabie X, rates are shown for 
organizations seeking men primarily from a_ particular 
engineering curriculum. For example, primarily chemical 
engineers are sought by the chemical, petroleum, and 
other industries and their rates have been compiled on 
the “Chemical” line. Only 13 organizations show varia- 
tions in their rates for men at the bachelor’s level from 
different curricula and the total quotas of seven of these 
organizations are less than ten men. Where differentials 
are paid, they usually are in favor of civil, chemical, or 
petroleum engineers as compared with electricals, me- 
chanicals, or industrials. 


In addition to their base rate figures, organizations were 
asked to indicate whether or not they paid a differential 
for military service. Only 24 organizations, all industrial 
companies, state that they do so. Four of these are elec- 
trical companies and four public utilities, with the rest 
scattering. Practically all pay on the basis of experience 
related to the prospective assignment and in half of the 
cases the usual amount given is not stated. In 7 of the 
remaining 12 cases, it is between $10 and $20 per month. 

Table XI shows the bachelor’s median rates for different 
types of employing organizations. 

Table XII shows median rates by educational levels, 
types of employing organizations, and major curricula 
sought. 

Table XIII concerning salary increases during the first 
year of employment follows a similar pattern. 

Although no information was requested concerning the 
magnitude of employment plans for graduates in business 
administration and arts and science (other than physical 
science), the starting rates used were requested and pre- 
sumably are given by organizations expecting some em- 
ployment of such men. In Table XIV, the number of 
engineering organizations shown includes only those 
planning to employ some technical graduates in 1950 and 
it appears that only about 25 per cent as many expect to 
hire business graduates and even fewer arts graduates. 

Although at the bachelor’s level the over-all medians 
for these graduates are only slightly below that for technical 
graduates within groups of organizations seeking engineers 
from particular engineering curricula, there is usually a 
substantial differential in favor of the engineers. At the 
master’s level, such a differential is even more general. 
A number of the figures given, of course, are based on very 
few organizations. 
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Radar Harbor 
Installation 


All shipping entering the harbor at Van- 
couver, British Columbia, must pass through 
a narrow channel about a mile long and 
about 400 yards wide. The Lions Gate 
Bridge passes over the outer end of the 
channel leading to the inner harbor and 
it is the radar installation on this bridge 
that is shown here. At the center of the 
bridge is a structure used as a signal station. 
It is in this signal station that the radar 
equipment is located. The two antennas 
shown are at opposite sides of the bridge, 
and are rotated in synchronism. This per- 
mits scanning of the area in the immediate 
vicinity of the bridge without shadows or 
blind spots. In addition to a short-range 
display of 3,000 yards, a long-range display 
of 15,000 yards is available. The radar 
equipment has been in use for approxi- 
mately 400 hours, and has been chiefly 
employed to familiarize the staff of the signal 
station with the operation of the equipment. 
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Control System Synthesis by Root Locus Method 


W. R. EVANS 


MEMBER AIEE 


HE ROOT LOCUS method solves the problem of 
finding the roots of the characteristic equation by an 

extension of concepts now associated with the frequency- 
response method. The roots describe the natural response 
of the system, and knowing them permits a solution for 
any input. Consider a simple single-loop system, shown in 
Figure 1, for convenience in developing a physical picture. 

With the feedback loop open and a sinusoidal signal 
eit impressed at 6,, the feedback, 6,, is a similar sinusoid 
shifted in phase angle and attenuated in amplitude as 
given by the open-loop transfer function AG(s)=4',G,(s)- 
K,Gg(s) for s=jw. If the frequency were of the value to 
cause a 180-degree phase shift and the gain A were then 
selected for unity amplitude ratio, closing the feedback 
loop would supply the error signal from the feedback signal 
so that a natural oscillation would be sustained. Lowering 
the gain would cause the oscillation to damp out, during 
which interval a damped sine wave ee’ must be propa- 
gating itself around the loop. An extension of the transfer 
function concept, admittedly not obvious, is that the phase 
shift and attenuation of such a damped sine wave from 
error to feedback is obtained simply by substituting the 
complex number s=—o-+jw into the function AG(s). 
Thus one can find the natural response of the system by 
finding the values of s which make AG(s)= —1. 

The graphical technique for computing this function is 
explained for the example by reference to Figure 2. 


KG, (s) =K(1 +ris) (1 +rs)s 
KeGa(s)=1 


(1) 
(2) 


The complex number g is itself a vector from the origin 
to a point which is pictured moving freely over the complex 
splane. The phase angle of a vector 1+ 7s is the same as 
that of the vector from the pole —1/7, to the s point; the 
amplitude is the ratio of line lengths from the pole to the 
5 point and the origin respectively. The locus of roots is 
the path of values of s which make the total phase shift 
180 degrees; a point on the locus is a root if gain is selected 
such that the amplitude ratio around the loop is unity. 

Special parts of the locus such as intervals along the real 
axis and the point of crossing the jw axis are found by in- 
spection and the remainder of the locus then sketched. 
Note that the roots emerge from the open loop poles for 
zero loop gain and move out along the locus as indicated 
by the arrows as loop gain is increased. One usually selects 
the desired position of the dominant roots, 7, and ry in this 


Figure 1. General 
block diagram of a 
single-loop system 
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case, and then calculates the corresponding value of gain 
Ak. Knowing the roots permits the over-all transfer function 
of the system of Figure 1 to be expressed as: 


ce , 
6; (1—s/n)(1—s/re) (1 —s/ra) 


For each root r, a term of the form A" can exist in the 
transient response. For a step input the amplitude 4, 
is given by transform theory in a form which corresponds 
to a product of vectors from all other roots to the given 
root. 
pictured as a product of vectors from all roots to points 
along the jw axis. In a multiple loop system, the inner 
loop is solved first so that it may be replaced by a direct 
function. 

Synthesis for a given control system can involve any one 
of four operations: selecting loop gain, changing given 
poles or zeroes, adding new poles or zeroes, or adding new 


Similarly, the over-all frequency response can be 


LOCUS OF S FOR 


bot $+ gy +180" 


Figure 2. Single-loop root locus 


loops. In the root locus method, these operations are 
achieved respectively by selecting the position of a root 
along a locus, changing the position of given poles or zeroes, 
adding new poles or zeroes, and sketching a new root locus 
plot. Other applications and development of the method 
are believed to be great. Thus the classic problem of 
finding the zeroes of n-th degree polynomial can be solved 
by successively combining two terms into one, using the 
root locus to find the values of the variable which make the 
ratio of the terms equal to —1. Miulticoupled systems 
involve block diagrams in which intercoupling effects 
appear as signals being transmitted between loops. Such 
systems can be solved by isolation of loops or considering 
the effect of each coupling successively. 


Digest of paper 50-11, “Control System Synthesis by the Root Locus Method,” recom- 
mended by the AIEE Committee on Feedback Control Systems and approved by the 
AIEE Technical Program Committee for presentation at the AIEE Winter General 
Meeting, New York, N. Y., January 30—-February 3, 1950. Scheduled for publication 
in AIEE Transactions, volume 69, 1950. 


W. R. Evans is with North American Aviation, Inc., Downey, Calif. 
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Multiline Concentrator Apparatus 


A. W. BREYFOGEL 


MEMBER ATIEE 


INCE February 1949, the 
Western Union  Tele- 
graph Company has installed 
main office facsimile concen- 
trator apparatus and associ- 
ated patrons’ telefax equip- 
ment in eight cities: Atlanta, 
Cincinnati, Dallas, Houston, Los Angeles, New York, 
Philadelphia, and San Francisco. Some 1,900 patrons, 
using the new Desk-Fax transceivers, are connected to 
the nearest telegraph office. The multiline concentrator 
apparatus designed for this service consists of one or 
more concentrator operating tables (Figure 1) each with 
a 50-line turret, and one apparatus cabinet, located in a 
less busy section of the floor, for every two operating tables. 
In addition to the main components of the concentrator 
table—the plug-and-jack the transmitters and 
recorders—each table is equipped with four preamplifiers 


turret, 


J. H. HACKENBERG F. 


Facsimile concentrator apparatus and telefax 
equipment has been installed in eight large cities. 
This article describes the main office equipment 
and demonstrates the operation of the new 
system for transmitting messages. 


G. HALUDEN 


for the transmitters, two small 
ventilating blowers and can- 
ister-type filters for removal 
of any recording vapor, and 
a cabinet containing associ- 
ated equipment. The cord 
shelf below the turret holds 
ten plug-ended cords; six at the left are connected with 
recorders and four at the right with transmitters. Signal 
lamps and push buttons on the shelf are associated with 
the operation of the respective units. 


SIMPLIFIED VERTICAL TRANSMITTERS 


To the right of the turret are four vertical drum trans- 
mitters, clip-connected and tiered to conserve space. Re- 
quirements of subject copy, operating procedures, ease of 
operation, minimum size, and low maintenance dictated 
the development of the vertical drum transmitter for this 


Figure 1. 


Each table has a plug-and-jack turret, transmitters and recorders, preamplifiers, and ventilating equipment. 


Two-table Desk-Fax concentrator installation at New York 


The cord shelf has six plug-ended cords for 


the recorders and four for the transmitters as well as signal lamps and push buttons for each unit 
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Figure 2. Front (left) and rear (right) views of telefax transmitter 


The path of the light can be traced on the rear view from the source through 
the projection lens to the cylinder; from there it goes to the pickup lens and 
target, through the light chopper, to the photocell. The spring which re- 
turns the scanning carriage to its starting position is also shown on this view 


service. Arranging the drum to rotate in a vertical rather 
than the usual horizontal position not only made possible 
the design of a machine having a base area of less than 
one-half square foot, but also afforded further space 
saving because a portion of the driving mechanism could 
occupy space beneath the top of the table. Another ad- 
vantage the apparatus has is that the destination and 
identifying information on a message can be read by the 
operating clerk readily without removing it from the 
transmitter. She can handle the lightweight drum con- 
tinuously without tiring and can insert it with one easy 
motion of either hand without looking at the machine— 
vital considerations where hundreds of telegrams per day 
are involved. 

Telegrams are held on the drum by two movable toroidal 
spring bands, and provision is made for moving these 
bands so that they do not interfere with the scanning of 
the message. A band which is located near the bottom of 
a telegram in a transmitter is an indication to the clerk 
that the message has been scanned. 

The transmitter (Figure 2) is assembled upon and 
within a narrow upright box-shaped aluminum casting. 
The scanning carriage feeds downward and is returned by 
a spring when released. ‘The optical system is conventional, 
consisting of an exciter lamp-lens barrel assembly, pickup 
lens and target assembly, a “light chopper,’ which is a 
toothed wheel driven by a small motor, and a photocell 
which is connected to suitable amplifying and converting 
Essentially full text of a conference paper, ““Telegraph Office Desk-Fax Concentrator,” 


presented at the AIEE Winter General Meeting, New York, N. Y., January 30—Feb- 
ruary 3, 1950. 


A. W. Breyfogel, J. H. Hackenberg, and F. G. Hallden are with the Western Union 
Telegraph Company, New York, N. Y. 
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equipment. By using a photocell with the S-4 cathode 
in combination with a tungsten filament lamp, it is possible 
to transmit not only black ink on white paper but also 


purple ink copy on buff paper with entirely acceptable 
fidelity. 


THREE-STYLUS RECORDERS 


To the left of each turret are six continuous recorders, 
(Figure 3), also tiered for compactness. This is a 3-stylus 
page-type recorder designed specially for the concentrator 
system to permit simple operating practices, such as 
ability to read incoming messages while being recorded, 
and the use of paper in roll form to eliminate individual 
insertion of receiving blanks. ‘The recorder uses electro- 
sensitive recording paper, a development of Western Union 
known as ‘‘Teledeltos.”’ 

Only two major assemblies are used in this instrument, 
a base plate including the paper-feed mechanism and a 
stylus drive assembly. A 4-watt synchronous motor, 
gear-coupled to the paper-feed roller, causes the paper to 
advance through the platen 0.01 inch for each scanning 
line, in this way giving 100 scanning lines for each inch of 
copy, and 14 square inches of recorded copy per minute. 

Other unique features of the 3-stylus recorder include a 
hardened-steel grouping bar which the stylus bears against 
and rides on and which insures absolutely straight-line, 
uniformly-spaced scanning and the platen over which 
the paper passes, which is pivoted and spring-tensioned and 
is positioned so that the recording paper is in contact with 
the styluses at the scanning line but is clear of the return 
path of the styluses. 

The stylus drive assembly (Figure 4) is a complete unit 
consisting of a casting mounting the motor which drives 
the stylus belt on which the three stylus holders are fastened. 


Figure 3. The 3-stylus fascimile recorder allows the incoming 

messages to be read while being recorded; the use of electro- 

sensitive recording paper in a roll eliminates the need for insertion 

of individual receiving blanks. Six of these recorders, designed 

to permit simple operating practices, are tiered for compactness 
next to the turret as shown in Figure 1 
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Figure 4. Stylus drive mechanism showing the synchronous 
motor which drives the stylus belt on which the three stylus 
holders are fastened 


The stylus points which are of tungsten have a recording 
life of approximately 2,000 telegrams. 


FUNCTIONING OF APPARATUS 


Placing a drum in the transmitter at the operating posi- 
tion energizes two relays which ready the machine for 
transmission. ‘The corresponding transmitter-cord plug 
is inserted into the appropriate patron’s jack and the 
associated transmitter-start button is depressed. If the 
line is clear, the busy lamp lights on release of the trans- 
mitter-start button and a relay operates in the patron’s 
unit causing its call buzzer to sound. 

The patron acknowledges the call by loading his Desk- 
Fax transceiver with a Teledeltos blank and moving the 
start switch. ‘This stops the patron’s buzzer, powers the 
Desk-Fax, and automatically sets it up as a recording 
instrument as soon as the vacuum tubes are heated. A 
relay operates to energize the stylus-feed motor there and 
start the transmission of phasing pulses, which cause the 
main office transmitter to phase immediately, its carriage 
with photocell assembly to start the downward motion, 
and transmission of the telegram to proceed. After 
main office transmission is completed, an end-of-message 
lamp in the patron’s Desk-Fax lights and the buzzer sounds, 
the patron shuts off the machine (or permits it to shut 
off automatically) and operates an “acknowledge” push 
button which extinguishes the end-of-message lamp, stops 
the buzzer, and interrupts the flow of direct current over 
the simplex loop. This causes the busy lamp at the con- 
centrator position in the main office to be extinguished and 
the acknowledge lamp to light, thus informing the clerk 
that the telegram has been received. Removal of the 
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transmitter-cord plug from the jack restores the line to the 
stand-by condition, and removal of the drum releases the 
power relays and completes the transmitting cycle, leaving 
the transmitter in its normal standby condition. 

When a Desk-Fax transceiver is turned on for sending, a 
line relay in the concentrator cabinet at the main office 
lights the call-in lamp in the turret above the jack asso- 
ciated with the patron as well as the common signal lamp 
at the top of the turret. Insertion of a recorder-cord plug 
into the jack causes the line relay to release and extinguishes 
both call-in lamps. Depressing the associated recorder- 
start button operates two power relays, one in the table and 
one in the equipment cabinet. The first operates the red 
busy lamp and energizes the stylus motor of the recorder 
which readies it for recording; the power relay in the 
cabinet energizes the recording amplifier. 

A relay in the patron’s Desk-Fax operates to start the 
transmission of phasing pulses which cause the main office 
recorder to phase, and starts the stylus-feed motor of both 
the Desk-Fax and main office recorder. Transmission 
from the patron’s transceiver continues until the machine 
shuts down automatically or until the start-stop switch 
there is operated manually. When this happens, trans- 
mission of the phasing pulses ceases, operating a control 
relay at the concentrator position in the main office, which 
in turn lights the end-of-message lamp on the cord shelf 
and interrupts the operating circuits for both power 
relays. Release of the relays removes power from the re- 
cording amplifier and the stylus- and paper-feed motors of 
the recorder and extinguishes the red busy lamp. 

When the end-of-message lamp lights, the clerk manually 
feeds out a conventional telegram blank length of paper, 
which causes the end-of-message lamp to be extinguished 
and restores the last of the control relays to its normal 
position. Disconnection of the recorder plug and cord 
restores the line to the normal stand-by position. 

In the facsimile system described, the patrons’ Desk-Fax 
units and main office concentrator equipment are powered 
with synchronous a-c motors to operate from a common 
60-cycle 115-volt a-c power source. Desk-Fax installa- 
tions must be confined at present to locations mutually 
served by one a-c power source, although provisions are 
under development for operating in d-c areas and from 
separately synchronized a-c power systems. 

The line facility should be a quiet transposed pair, the 
two wires of which should have approximately the same 
ohmic resistance, as simplex control circuits are super- 
imposed on the pair. Transmission levels from the pa- 
tron’s unit and the main office transmitter are limited to 
five decibels above one milliwatt to avoid the possibility 
of cross-talk, and 25 decibels at 2,500 cycles is the maximum 
allowable line attenuation. These requirements permit 
Desk-Fax operation over 51/2 wire miles when 26-gauge 
high-capacity cable is used, and over approximately 14 
wire miles when the heavier 19-gauge high-capacity cable 
is employed. 
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Speed-Torque Control of Induction Motors 


ROLAND V. TIEDE 
ASSOCIATE AIEE 


MATHEMATICAL analysis was made to determine 

the effect of symmetrical series reactance in the 
supply lines upon the speed-torque relation, the power 
factor, and the efficiency of standard induction motors. 
The analysis showed that torque, the speed for pull-out 
torque, and the power factor are functions of the added 
reactance. ‘The efficiency, however, is a function of the 
machine constants and speed only, and is, therefore, not 
affected by the added reactance. The nature of the 
speed-torque and power-factor variation is as follows, if 
the supply voltage is assumed constant. The expression 
for the speed at pull-out is actually an expression for 
impedance match between stator and rotor. The addition 
of a small series capacitive reactance into each phase 
reduces the impedance of the machine, thus increasing the 
current and also the torque. The impedance match 
between the windings, however, occurs at a lower speed, 
thus reducing the speed for pull-out. Addition of more 
capacitive reactance depresses the speed for pull-out and 
increases the magnitude of pull-out torque until a critical 
value of series reactance is reached. At this critical value, 
series resonance and pull-out occur at the same speed, and 
the impedance match for pull-out becomes a resistance 
match. ‘Therefore, this critical value of series reactance 
determines the maximum value of pull-out torque that can 
be obtained from the machine at constant voltage. Fur- 
thermore, the speed for pull-out has been reduced to its 
minimum value, since it is limited by the ratio of rotor to 
stator resistance. 

Further increase in the series capacitive reactance 
makes the input impedance to the network capacitive 
at speeds below series resonance, and series resonance 
now occurs at speeds greater than pull-out. Thus the 
speed for pull-out is increased and the magnitude of pull- 
out torque is decreased when the series capacitive re- 
actance exceeds the critical value. Series resonance, 
that is, unity power factor, now occurs at a speed very nearly 
that for rated torque, and it is clear that this is the most 
desirable range of reactive speed control. Series reactive 
speed control should be combined with voltage control to 
limit the current if pull-out occurs at very low speeds. 

The insertion of series capacitive reactance has another 
important effect upon the performance of the machine. 
There now exists a system natural frequency determined by 
the capacitance and the effective input inductance to the 
motor. With the values of capacitance used for most 
effective speed control, this natural frequency is always less 
than line frequency. When the machine is brought up 


Digest of paper 49-239, “‘Reactive Speed-Torque Control of Squirrel-Cage Induction 
Motors,” recommended by the AIEE Rotating Machinery Committee and approved 
by the AIEE Technical Program Committee for presentation at the AIEE Fall General 
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Figure 1. Reactive speed-torque control of 3-phase 4-pole 1- 


horsepower induction motor at 120 cycles per second (General 
Electric Model 5K203D17—modified rotor) 


to a speed corresponding to synchronism for this sub-line 
frequency, this frequency is generated quite independently 
of the supply frequency, and the unloaded motor runs at a 
speed determined by equality of the generator and motor 
torques. For pure series capacitance the speed at which 
this phenomenon occurs is, in general, below pull-out 
torque. Ifa parallel inductance capacitance filter is used 
to obtain the desired value of reactance at line fre- 
quency, the speed for generation of sub-line frequencies is 
determined by the antiresonant frequency of the filter, 
since the filter is inductive below antiresonance. Thus, 
a means is provided for controlling the speed at which sub- 
line frequency generation begins. The phenomenon is 
used to give improved speed regulation at low speeds. 

The analysis was verified by tests, one of which is illus- 
trated in Figure 1. Run 7 represents the normal operation 
of the motor, with no series filter. Run 2 is very nearly 
the critical case where pull-out occurs at minimum speed. 
Here the induction motor has very nearly d-c series motor 
characteristics. Runs 3, 4, and 5 represent values of 
capacitive reactance greater than critical; here the 
speed for pull-out torque can be raised above that for the 
normal motor. For Runs 3, 4, and 5, unity power factor 
occurs at speeds slightly below the speed at which sub-line 
frequency generation begins. 


409 


A New Transmission-Line Suspension Clamp 


SVERRE SANDBERG 


DEVICE for suspending power-line cables at the 
insulators must be satisfactory from the point of 
view of the stresses produced. The more acute bends 
at the points of suspension will obviously result in greater 
bending stresses in the cable there than in the free span 
between them. This bending stress is also increased by 
the tensional stress in the cable. Quite gentle winds, 
moreover, may easily set up vibrations in the cable, which 
will increase the stresses at the points of suspension to such 
an extent that the cables will break after a longer or shorter 
period. The efforts to reduce this drawback were at first 
directed wholly to reducing the effect of cable vibrations 
while disregarding the necessity of diminishing the much 
larger and more dangerous bending stresses. 
In order to explain more fully the principles of the new 
suspension clamp of the Svenska Aluminiumkompaniet, 


Figure 1. Graphic 
method for the 
30, determination of 
bending stress, 
curvature, and 
length of clamp 


BENDING 
=» ‘STRESS 


{2 x DISTANCE FROM POINT OF SUPPORT 


this article will present the formulas and the graphic 
method which has been developed and used for determin- 
ing a suitable radius of curvature for the conductor seat 
in a clamp for supporting a conductor, and also of the 
required length of the clamp. 

The bending stress 6 in a conductor may be calculated 
from the known formula 


iW 
Denes es = (1) 

The sum of the bending stress and the tensional stress 
in the conductor must not at any point exceed a value 
corresponding to the selected safety factor under vibration. 
For a conductor containing strands of aluminum, we have 
selected a bending stress 6= 4,267 pounds per square inch. 

From the selected value of 6, the radius of curvature R 
of the cable groove may be determined with the aid of 
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equation 1. Referring to Figure 1 the elastic line of the 
conductor may be determined by 


CfL 
_sh(L_ ) , glk aaa) p 
2 ANG) aN (2) 


(3) 
where 


R represents the radius of curvature of the conductor at the investi- 
gated point. 
g represents the acceleration due to gravity. 
L is the length of span. 
iP 


jigs 
p 
P represents the tension in the cable. 


p represents the mass of the cable per unit length. 


EI 
2 
p 
E represents the modulus of elasticity. 


I is the sum of the moments of inertia for the individual wires of 
which the cable is composed. 


The important fact is established that the natural 
“amortization” of the bending stresses, which a freely 
hanging conductor chooses, is highly unfavorable for the 
material. Furthermore, it is settled that the conductor is 
strained beyond the elastic limit, only because of the 
bending stress from sagging. It is necessary that the con- 
ductors are supported and clamped in such a way that 
these bending stresses are brought down to a safe value 
by means of a proper design of the suspension clamp. 

The astounding fact that has been established by this 
investigation is that the reason for the breakages of trans- 
mission line conductors “‘due to vibrations” is not primarily 
the vibration. In fact, the reason lies in the clamp itself. 

In order to find out the vibration damping effect of the 
clamp, tests were made at the experimenting station of 
the Swedish Royal Board of Waterfalls. Conductor 
“Hawk” was strung with 8,500 pounds per square inch 
at 60 degrees Fahrenheit. The recorder gave direct 
registrations of the vibrations on a paper roll. The 
vibration period could be changed between 15 and 28 
periods per second. The results show 80 registrations 
during the forced vibrations. The minimum reduction 
of amplitude, measured on the conductor, 32 inches from 
center of clamp, at 16 periods per second, was 35 per cent. 
With higher periods, the reduction increased. 


Digest of paper 49-287, ‘““New Suspension Clamp for Transmission-Line Conductors,” 
recommended by the AIEE Transmission and Distribution Committee and approved 
by the AIEE Technical Program Committee for presentation at the AIEE Fall General 
Meeting, Cincinnati, Ohio, October 17-21, 1949. Not scheduled for publication in 
AIEE Transactions. 
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The Electronic Servomechanism Simulator 


Cc. M. EDWARDS 


LARGE-SCALE analogue computer, capable of solv- 
A ing the general equations of motion of an aircraft, to 
be used primarily in the development of aircraft control 
systems is being developed at the Massachusetts Institute of 
Technology. The electronic servomechanism simulator is 
included as a portion of the computer to represent electri- 
cally the dynamic behavior of the servomechanisms which 
position the aircraft control surfaces. These servomecha- 
nisms usually are designed to operate linearly. However, a 
servomechanism which is small enough to be practical oc- 
casionally will be required to operate at the extreme 
limits of its physical capacity—beyond its linear range. 
Although the exact nature of the nonlinearities to be ex- 
pected depends upon the particular servomechanism em- 
ployed, certain types of nonlinearities are fairly common. 
For example, the control-surface deflection usually is limited 
either by external limit stops or by the limited stroke of the 
power output device itself, as in a hydraulic ram. When 
the servomechanism is clutch-powered the output velocity 
is limited to a value corresponding to the speed at which the 
clutch is driven. Amplifier overloading and magnetic satu- 
ration in electric motors often cause nonlinear operation. 
Any two systems, whether electric, mechanical, hydraulic, 
or thermal, may be said to be analogous when there exists a 
definite parallelism in the form of the mathematical relations 
representing them. Electronic simulation of a system in- 
volves the identification of an analogous electronic element 
with each portion of the given system to be represented ex- 
plicitly. Logically, then, the simulation of a specific sys- 
tem should begin with an analysis of the system components 
in mathematical terms and proceed through the medium 
of mathematics to the synthesis of a suitable analogue. 


Digest of paper 50-47, “An Electronic Simulator for Nonlinear Servomechanisms,” 
recommended by the AIEE Committee on Computing Devices and approved by the 
AIEE Technical Program Committee for presentation at the AIEE Winter General 
Meeting, New York, N. Y., January 30—-February 3, 1950. Scheduled for publication 
in AIEE Transactions, volume 69, 1950. 


C. M. Edwards and E. C, Johnson, Jr. are with the Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 
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Elementary servomechanism with displacement limited 


Analogue of the elementary servomechanism shown in Figure 1 
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The application of such a procedure to the elementary 
servomechanism represented schematically in Figure 1 re- 
sults in the analogue shown in Figure 2. This servomecha- 
nism comprises a motor A,,, which drives a load composed 
of the inertia J,, and the viscous damping B,,. The output 
displacement of the servomechanism is limited by stops 
placed at the positions +6, and —6,. Representation of 
the linear behavior of the servomechanism requires a sum- 
ming circuit (number 1 in Figure 2), an amplifier with a 
gain A,,, a simple resistance-capacitance network with a 
time constant RC = J,,/B,,, and an electronic integrator 
with an integrating factor of —1/B,. The limitation on 
the output of the analogue is achieved by feeding back a 
voltage proportional to the torque 7, exerted by the limit 
stop on the output shaft of the servomechanism. ‘The 
overshoot ¢, defined in the caption of Figure 1, is gener- 
ated by the network of resistors and diodes; a special cir- 
cuit G, then forms from this quantity the torque 7,._ This 
method of limiting the output dissipates the energy of the 
system in a manner analogous to the way kinetic energy is 
absorbed when the output of a servomechanism is stopped 
abruptly by limits. By limiting the voltage across the net- 
work capacitor, as indicated in Figure 2, it is possible to 
simulate a maximum motor velocity as well. 

The synthesis procedures already described indicate ana- 
logues which require the following electric computing ele- 
ments for representing the linear characteristics of a system: 
summing circuits, voltage amplifiers, integrators, and pas- 
sive networks composed of resistance, capacitance, and in- 
ductance. A study of several basic servomechanisms, 
moreover, indicates that the most important nonlinearities 
in these systems can be represented with reasonable accu- 
racy by the addition of voltage limiters and a special dis- 
placement-limiting circuit. 

The stability and accuracy of these units are of such values 
that linear mathematical functions of reasonable complexity 
can be represented with errors not exceeding one per cent. 
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T CANNOT be emphasized too strongly that safety must 
be designed into substation structures and equipment 
installations. It is believed that many tragic accidents 
which have occurred in substations had their inception 
when unnecessary hazards were built into the stations. 
The combination of an unsafe condition and an unsafe act 
usually results in a personal injury and is generally re- 
corded as a careless act on 
the part of the injured. In- 
vestigations have revealed 
many contributing factors in 
the occurrence of accidents. 
The actual design of the 
substation is determined by 
numerous conditions. The 
importance of the station de- 
termines whether it shall be a 
simple, cheaply constructed, 
small structure with fused cir- 
cuits or a more elaborate lay- 
out with double bus, oil circuit breakers, by-pass arrange- 
ments, and intricate relaying. Long-range planning may 
call for a major substation at some particular site, but, at 
the moment, only a simple arrangement which may be a 
temporary structure or a design that can be enlarged. Un- 
fortunately, many temporary structures become more or less 
permanent. Regardless of whether the structure is to be 
permanent or temporary, if sufficient thought is given to 
accident prevention, unnecessary hazardous conditions can 
be avoided without materially increasing the original cost. 
It is generally advisable to use some standard layout, 
that is, a design which has been tried and proved and incor- 
porates all of the safety factors. A well-designed substation 


substation design. 


Figure 1. A man was electrocuted opening this group discon- 


necting switch 
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Accident prevention in a substation begins at 
the drafting board. Educating personnel is 
only a partial safeguard against mishaps. The 
elimination of shock hazards is best accom- 
plished by incorporating safety features in 
Proper clearances and illu- 
mination, accessibility to equipment, adequate 
grounding, and allowance for future growth 
are some of the features that should be provided. 
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inherently will be a safe substation. There are, however, a 
few details that can be added to make it safer, thereby 
minimizing the exposure to unrecognized hazards. 


DESIGN FOR SAFETY 


Establish Proper Height. From observation, a common 
fallacy is to establish the height of a station and design to 
this height. In many cases, 
this results in close quarters, 
and a lack of head and elbow 
room. The height should be 
incidental to a good design 
and should be established by 
working from the ‘“‘ground 
up” instead of from the “sky 
down.” 

While most major equip- 
ment is now designed to meet 
safety recommendations, par- 
ticular attention should be 
given to obtaining the proper height of the live parts above 
the ground, with suitable foundations or supports. Ade- 
quate phase and ground clearances should be maintained 
throughout, with particular attention to location of switches 
and fuses with respect to both the operator’s safety and the 
operation of the equipment. In other words, provide both 
head and elbow room. 


Provide for Changes. Provision should be made for the 
removal of large equipment and for future additions. 
These points are often neglected because many substations 
are designed for immediate use with the idea that they never 
will grow. Actually, this is seldom the case; experience 
has proved that most substations will be required to ex- 
pand at some time. 

With the development of new switching arrangements, it 
becomes more and more important that each switching 
operation be understood thoroughly by all those involved. 


Fence Insufficient Protection. Another common fallacy is 
that a fence, with a locked gate, around the substation is 
all that is necessary for safety. Statements are frequently 
made that when a man is permitted to enter the substation 
yard, it is because he is well-qualified and knows what it is 
all about; therefore, additional barricades or protective 
measures are a waste of time and money. Accident records 
defy this philosophy, because it is the experienced and well- 
qualified men who generally are involved in substation 
tragedies. 


Essentially full text of 49-274, “Safety in Substation Design,”? recommended by the 
AIEE Committee on Substations and approved by the AIEE Technical Program Com- 
mittee for presentation at the AIEE Fall General Meeting, Cincinnati, Ohio, October 
17-21, 1949. Not scheduled for publication in AIEE Transactions. 
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FACTORS IN ACCIDENTS 


In order to develop a long range “‘no accident record,” all 
of the contributing factors in past accidents must be taken 
into consideration. It should be recognized that the injury 
to a person is only the spectacular evidence of an accident, 
the outward sign of something gone wrong. 

Regarding these things that have gone wrong, it should be 
emphasized at this point that there is no intention to mini- 
mize the individual workman’s or foreman’s responsibility 
for accidents which have been commonly classified as care- 
lessness. However, it has been established that there are 
other factors involved in accidents which cause serious or 
fatal injuries to substation workmen. 

Safety engineers have seen a great many questionable 
conditions within substation enclosures wherein it would be 
necessary to watch every step one made in order not to get 
into any trouble. Some of the conditions referred to are as 
follows: 


1. High-voltage lightning arresters installed on pedestals, ranging 
from 5 inches to 2 feet in height, with no protecting barricades. 


Figure 2. Actual location of 13.2-kv contact 


2. Busses of various voltages, ranging from three feet to six feet in 
height from the ground. 


3. Transformer leads, both high and low voltage, strung out like 
spider webs, the height of the leads and busses being determined only 
by the height of the transformers. 


4. Hazardous location of high-voltage and other fuses. 
5. Neglecting to install fixed barriers in congested arrangements. 


6. Equipment grounds inadequate. 


As an example, a visit was made to a 13,200-volt sub- 
station and it was apparent that the structure was designed 
from the “sky down,” and that supporting members were 
installed before obtaining the dimensions of the transformer 
bank. At one point, the 13,200-volt transformer lead was 
within a few inches of an airbreak switch control handle. 
Should the operator not be conscious of this condition and 
not always on guard, or should he slip, another so-called 
careless accident would result. 

In another case, investigation of an actual fatal accident 
revealed that a substation operator was electrocuted while 
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Figure 3. Low leads caused electrocution in this substation 


attempting to open a 44,000-volt gang-operated disconnect- 
ing switch. A flashover occurred as the switch was being 
opened, resulting in energizing the operating mechanism, 
and an arc was established between the man’s chest and the 
switch handle. Later ground resistance tests of the switch 
handle showed 100 ohms. Other grounds within the same 
station were as low as two ohms. It is essential to provide 
adequate protection for switch operators. See Figure 1, 
scene of the accident. 

A third case worthy of mention is a situation resulting 
from an addition made to an existing substation. This 
involved the installation of two small transformer banks 
together with feeder regulators. The transformers merely 
were placed upon the existing concrete pad at a predeter- 
mined location and wired from the “sky down.” At a 
later date, it became necessary to work on the mechanism 
of an automatic reclosing 66-kv circuit breaker. This 
work was being performed by two qualified and experi- 
enced men, but before it was completed, one employee 
(with the rank of supervisor) backed into a 13,000-volt 
connection. See Figure 2. 

Engineering for safety has been apparent in the construc- 
tion of a great many large stations in recent years. How- 
ever, quite frequently safety is neglected in the design and 
construction of the smaller type of substations and rural 
structures. This often results in the creation of unneces- 
sary hazardous conditions. 


ANALYSIS OF SUBSTATION ACCIDENTS 


The Edison Electric Institute Accident Prevention Com- 
mittee’s report for the year 1947 describes 173 fatal acci- 
dents which occurred within the electric light and power 
industry. Of this number, 72.3 per cent were electric 
shock and burn cases and 25.6 per cent of these fatalities 
took place in stations on or around equipment and bus 
structures. 

A tabulation of accidents compiled by the authors of this 
article (Table I) briefly indicates the hazards involved with 
regard to the accidents and the corrective action necessary 
to have avoided them and to preclude recurrences of similar 
mishaps. Carelessness was omitted from the correction 
column intentionally, because it is believed that this is con- 
trollable through proper training and supervision. 

It can be seen from this analysis that if proper thought had 
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been given to safety, that is, accident prevention, many of 
these accidents would not have occurred because the hazar- 
dous conditions would not have existed or they would have 
been eliminated. Also, the need of supervisors to develop 
safe operating procedures is evidenced. 

Included in the tabulation is another specific example of 
the “‘behind-the-scene”’ cause of accidents. A small 11,000- 
to 2,300-volt distribution substation, involving two banks of 
transformers, was installed. The height of these transform- 
ers was between four and five feet. The bushings on 
both high- and low-voltage sides were of the pocket type. 
The transformers were installed upon a low concrete pad 
and from then on it was just a plain ‘“‘wiring”’ job without 
any thought of future safety. A fence was installed around 
the substation and within a week after the station was ener- 
gized, a workman was delegated to cleanup. While he was 


intent upon what he was doing, he backed into an 11,000- 
volt energized lead—death resulted. This unnecessary 
tragedy would not have occurred if the station had been de- 
signed originally to provide adequate clearance. See Fig- 
ure 3. 


MODEL SUBSTATION 


In order to develop a more comprehensive understanding 
of the meaning of accident prevention, a model substation 
was built for the purpose of demonstrating, in an educational 
way, how accidents involving experienced men have oc- 
curred. 

The scale model substation, shown in Figures 4 and 5, isa 
replica of several which actually have been installed. This 
particular model represents a 34.5-kv switching station hav- 
ing main and transfer busses, using a scale of three-fourths 


Table I. Analysis of Fatal Substation Accidents 
Contact 
Occupation Age The Job Voltage Hazard Correction 
Substation operator...... 55iie Open. group Gusconnectsrs nits ayaa aerigs 44 000): Unsafe; practice sere eit toasters Training; provide adequate protection (engi- 
neering) 
Lineman sepia eelstieleiissis 32...Replace high-voltage fuses ........... 35), O00 SeUinsate Practicenmverrsteteletetesion etic cette tad Enforce switching, tagging, and grounding pro- 
cedure; structural changes required 
Lineman eee «55 ms ielsim 38...Revamp 13.2/2.3-ky small substation... 2,300. ..Work being performed without de-energizing...Proper planning; close supervision 
low-voltage feed back 
Electrical foreman....... AG jo. cINCW. CONStLUCTION =) cicyereseye/ofereisicls a sieraiars 13,200. . . Insufficient working clearance to live parts..... Use of portable insulated barricades 
ane 13,200...Personal; lack of knowledge.............+-- Use of warning signs; training 
Four cases. eee ne eee name-plate data fo 
Two—cléaning coc easels al teispea sees 33,000 
ML WO GASOS: onan itera cterera eels Painting coc sierra tovadsyatcsens are okcenietate 13,200...Live parts inadequately barricaded.......... Supervision; proper planning 
Lineman. cucceince tees 31... Phasing out new transformer station... 2,500... Unsafe practice an, ain saeinisterciel here le cael oeesiel eters Proper clearance procedure; supervision 
District serviceman...... 53)... Installing maximeter, 2,300 volts....;...22,000).s.. Unsafe practice... air -:olers o1e ole als ole iste) etaiel Safe operation in substations regarding clear- 
ances, protection, barricades, tagging, 
grounding, and so forth 
Lineman vec... cies cele es 33...Installing overhead circuit in sub-,,. 2,300...Unsafe practice and misunderstanding,,...... Ground circuits worked as dead; explicit in- 
station yard structions will avoid misunderstandings 
Lineman ick it oe a ee 37...Adjusting and repairing 33-kv auto-...33,000...Safety rule violation...............-200+0+ Tagging and grounding; guard against feed- 
matic airbreak switch (due to back—potential and control transformer 
control 
transformer 
feedback) 
Linemanse.an <cke Gane 39...Refusing 13,200-volt transformer. ..13,200...Climbing structure without proper clearance... Enforcement of switching, tagging and ground- 
bank ing rules 
Blectriclantyemceietcicicieasieo Si) CRCADLIN ere i ae eee ea 11000. Low léadsiv arr. srox acttoieta cia ereateterersistetee 
Blecericlan croscipeler siete ms tata le Maintenances. jeriacitec amie << ener 115,000). Onsale: conditions a cjayaciate neater teense 7 a é 
Electrical superintendent. 3940. Relay, repairajan sevice clea ee ere 13,200 . Proper engineering and construction 
aborerjacauneeisis rset 42). Gut grass)... fae eee te hes kere 11,000 
Linemaniiceeie icine a 33. ..Sweep transformer pad ........... 11,000 
Bilectticianns sess -cieeils 48...Replace switch numbers ............. 33,000. ..Climbed structure in wrong bay........ 
Blectriciany mses 391 kCpalt «dead: disconneclnee nema nine 33,000 ..Rope off bays and apparatus adjacent to 
Electrical construction. . .43... Repair “dead”? control transformer, . .. . 33,000...Attempted to work on wrong transformer working area 
PaiNteD isis. a1se/ersieiels ale + es 54-46 Paint potential transformer. 2 .).4. ek 33,000 
Blectriclananre ccna Cp aln csSCONDECt. at enn ee 110,000. ..Work on switch with one side ‘“‘alive”. ........Proper supervision; proper clearance procedure 
Electriclan.sier<nemien AZiee RCDalm. GiscOnnectz ssa pene nee iine crore 33,000 
Electrician..............34...Change oil circuit breaker bushing... ..11,000 
Limemaniss.. ®coceck fous 33...Disconnect “dead” lightning arrester. ..13,200...Inadequate clearance. .............0eeee% Proper engineering and construction; use of 
Blectricianinea. aceon 36; ne aint structure: enamine mee ane een 33,000 insulated barricades 
Eléctrician ter stelesteoieire ZOReeIRCDAUTSWItC Din Me para in enne tt hearer ier trea 33,000 
Electrical foreman....... 45... Install control-transformer steel struc-... 4,600...Location too dangerous to work with bus...Proper engineering; proper planning 
ture alive 
Electrician...,..........56...Clean control-transformer bushing. .... 22,000... Unsate practice cm strict sieey sree Meerelcets nine Enforcement of proper switching, tagging and 
grounding procedure 
Assistant line foreman....42...Replace bolts and adjust disconnects. . .66,000... Working too close to 66-kv live parts......... Use qualified men; proper supervision; use of 
j insulated barricades necessary to safety 
Electrician’s helper...... 37... Repair carrier current:capi.s.. sees eee 66,000 sUnsafe practiceta ni yeyteusrersieteteisieteie citar ts ates Proper supervision; enforcement of strict 
: tagging and grounding procedures 
Substation operator......77...Operate switches..............-..-: 41,000.57. Uneafe conditionsics.: cee. coun on rea a Install proper switch designation; install 
4 barriers between circuits 
Lineman aye asiss secon 28...Make connection to live bus.......... 2550044: Unsafe practic¢ a. ech cen ere oie ittsele Proper planning; proper supervision 
Supervisor of electrical. ..53... Replace bolts in “dead” copper tub-.. .33,000...Unsafe practice; work too close to live parts...Prohibit work being performed in close prox- 
maintenance ing clamp imity to live parts which cannot be barricaded 
: or otherwise isolated 
Tinemant i saecraeistestie 30...Replace air-break switch insulators. .... 44,000)... Unsafe, practice merrell eee eines Proper planning; enforce switching, tagging, 
rs and grounding procedure 
Electricians... «aseiseriene 32...Paint lightning arresters.............. 33,000...Protection procedure violated; chance...Proper supervision 
takin 
Electrician tenses 33...Overhead construction work in...33,000...Usual ebay eale dete elite icliet vet ae ke Beee<es Gettotaeten Complete safety supervision 
“dead” bay 
Painterscy .ccesc.<ae eee 44... Repaint oil circuit breaker and cell...11,000...Unsafe method, ............eee- .....++...Proper supervision; use of temporary barricades 
structure 
Lineman \cjctertiier et hic - Replacing transformer fuse in sub-...13,200...Unsafe practice and unsafe condition,........ Enforcement of proper procedure; correct 
station unsafe structures 
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inch to the foot. All members are 
made of wood, the columns and 
beams being grooved to represent 6- 
inch H-members. The channels and 
angles were left square in order to 
provide strength. The absence of 
the true shape of these members in 
no way detracts from the structure. 
Quick-drying model airplane glue 
was used on all the joints of the 
structure. 

All bushings, bus supports, and 
strain insulators are made to scale 
and turned from a wood dowel. 
The disconnecting switches and air- 
break switches are made of brass and 
copper and can be operated to dem- 
onstrate switching procedures. The 
main and auxiliary busses are made 
of one-eighth inch welding rod, 
bronzed to represent copper tubing. 
The balance of bus connections and 
taps are made of Number 70 solid 
copper. The oil circuit breaker, 
complete with bushings, framework, 
and mechanism housings, is scaled 
from a 34.5-kv breaker. The 7 and 
straight connectors are made of 
wood with a hole drilled for ob- 
taining the necessary close fit for the 
bus connections. 

Other items used in the training 
program are portable grounding 
devices, extension and step ladders 
built to scale and portable scaffold 
for substation maintenance work. 
Figure 4 shows an exhibit of one of 
the problems, that is, complete 
switching, tagging, grounding and 
roping off of work areas for a job 
representing oil circuit breaker bush- 
ing replacement. 

Many demonstrations and dis- 
cussions, with the use of the model, 
have revealed these thoughts and opinions in the interest 
of safety in substations: 


Figure 4. 


Figure 5. 


1. Showing how electric contact accidents have occurred in sub- 
stations is an effective means of revealing bad habits. 


2. The necessity of providing adequate head and elbow room when 
designing substation structures. 


3. Points out the reasons for providing adequate protection for 
switching operators. 


4. Visual demonstration of when and how to use portable barricades 
and the roping off of working areas is very effective. 


5. Frequently hazards are not recognized as such. 


6. Many times the hazards are recognized but are not guarded 
against except by word of mouth. 


7. Problems and questions in proper switching, tagging, and ground- 
ing procedures can be set up. That is, actually showing by demon- 
stration the correct interpretation of ‘“‘mark-up’’ or “tagging rules.” 
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A 34.5-kv scale model switching station (3/4 inch to the foot) 


Safety demonstration with scale model switching station 


8. The model substation is a valuable means of training new men in 
regard to safe operating procedures. 
CONCLUSIONS 

Accident prevention in a substation starts by providing 
proper clearances, simplicity in design, accessibility, proper 
illumination, and extreme care in the development of ade- 
quate grounding. ‘To be brief, safety begins on the drafting 
board. 

A review of the records will show that much has been 
achieved recently in the prevention of employee accidents. 
Yet, in spite of the splendid progress made there is still a 
great deal to be accomplished. In this article an attempt 
has been made to emphasize the very important role of de- 
sign engineers in the work of preventing unnecessary 
human injury and destruction in the substations of electric 
power systems. 
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66-Kv Switching and Transformer Stations 
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N THE DEVELOPMENT of standard patterns for 

switching and transformer stations for the 66-kv system 
of the Pennsylvania Power and Light Company full 
recognition was given to the interdependence of other 
standard patterns for general system development. 

On this system 220 kv is used only for bulk transmission 
The 66 kv is used not only for transmission but 
also for distribution to larger customers. General dis- 
tribution primary voltages are 12 kv and 4 kv. Voltage 
is controlled on the entire system by the use of generators, 
synchronous condensers, and dispersed capacitors, auto- 
matically switched. The reliability of the various parts 
of the system are carefully correlated to avoid providing 
unnecessary facilities. In particular, advantage is taken 
of increased reliability of transmission lines by serving 
important loads from a single circuit of considerable length 
through rugged terrains. 

Substations on the 66-kv network of this system perform 
two principal functions. One of these, arising out of the 
operation of the 66-kv system as a network, is the switching 
of circuits; the other is the transforming of power from one 
voltage level to another. These two functions can be and 
are performed independently of each other. That is, a 
reliable moderate-capacity transformer substation may be 
installed without a switching station for the primary supply 
lines. Conversely, a switching center for network lines 
may be completely separate from step-down transformers. 

It has been found that the requirements of the entire 
range of conditions encountered on this system can be met 
with five basic layouts shown in Figure 1. The first two, 
types A and B, are strictly for transformer stations while 
the other three combine the switching and transforming 
functions. Type A and B stations, automatically op- 
erated, are used for supplying moderate loads when 66- 
kv switching is not needed for the lines. The type A sta- 
tion usually has an additional partial back-up source or a 


of power. 


66-KV LINE 
12 KVOR 12-KV OR 
aad abv Es OPERATING AND 
TYPE ‘A’ RING TYPE BUS | INSPECTION BUSSES 
SUBSTATION TYPE C SUBSTATION 


‘2-66-KV LINES 


O {2KV 
OR 
4KV 


66 KV 


© © 


12 KV OR 4KV 
TYPE ‘B” TYPE “D" TYPE “E” 
SUBSTATION SUBSTATION SUBSTATION 
Figure 1. Functional diagrams of basic types of 66-kv substations 
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modern 66-kv supply line properly protected against light- 
ning and sleet and maintained with hot line tools. The 
type B station is used when two sources are required to 
provide a high degree of continuity. For both type A and 
B substations, transformer capacity is supplied in two 3- 
phase units, each capable of carrying the load responsi- 
bility of the station without exceeding its allowable over- 
load. 

The type C substation is primarily a switching center 
for a limited number of 66-kv lines. The transformer 


Table I. Number of Company-Owned Substations 

As of Planned Additions 

Jan. 1, 1947 Through 1951 
Type A «LO aie Aabde > Rivne or tee 20 
Type B BU arictioe coe iiay! cee ctl i 5 
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PRB oan cat a Godnac Hoon Desoobo Boone so de OMAR oe orcic FAI Qerco 1 
Nonstandard). < i103. aside: <teiniarers a @hvencadle pee ie ae aie av asae tana eae tea eee 
54 30 


capacity is installed as in a type B station by tapping two 
incoming lines directly. ‘Thus the banks do not require a 
bus position and are independent of the continuity of 
operation of the bus. 

The type D substation is used where high concentrations 
of load require large transformer capacity and where 
switching must be provided for several lines. Both high- 
and low-voltage sides have operating and inspection busses. 
The operating busses are sectionalized automatically and 
protected by bus differential relaying. This type of station 
is particularly adapted to use where the low-voltage feeders 
are operated in a network because service can be main- 
tained to half the feeders with trouble on any bus section. 

The type £ substation is used for very large concentra- 
tions of power, such as large generating stations or step- 
down centers from the 220 kv, where the two breakers per 
circuit are justified by the improved reliability and flexi- 
bility attained. Development of the system by the use 
of functional analysis and standard patterns tends to pro- 
mote an orderly planning and design leading to minimum 
costs per unit of load and revenue. 

The need and benefits of using a functional approach 
and standard patterns on this system are also evident from 
the numbers of the various types of existing and planned 
company-owned substations listed in Table I. In addition 
to the new stations listed, eight of the 12 nonstandard 
stations will be converted to standard types and eight other 
stations will be changed from one type to another in line 
with present-day requirements. 
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HE PETROLEUM and natural gas industries utilize 
fractionating columns to separate hydrocarbons of 
high volatility from hydrocarbons of low volatility. Each 
column, or tower, is a type of equipment which permits a 
liquid stream to cascade down over a series of trays or 
plates and allows a vapor stream to bubble up through the 
plates countercurrent to the liquid stream. The feed 
stream (containing several components such as methane, 
ethane, butane, propane, and so forth) enters one of the 
chambers part way up the column. Each of the com- 
ponents of the feed is present in varying amounts in the 
liquid stream falling from a given plate and the vapor 
stream rising from a given plate. The relative amounts of 
the several components in a given stream depend upon 
several factors including the temperature and pressure of 
the stream and the relative amounts of the liquid and 
vapor components in the streams approaching the plate. 
Within the column as a whole, large percentages of the less 
volatile components fall in liquid form toward the bottom, 
while large percentages of the more volatile components 
rise in vapor form toward the top. The liquid and vapor 
flows within the tower are maintained by supplying heat 
to the bottom of the column and removing it from the top. 
The number of plates required by the column is a func- 
tion of the required split between the hydrocarbon com- 
ponents, the amount of heat to be supplied to the column, 
the pressure at which the column is to operate, and the like. 
““Plate-to-plate calculations” are required to solve for the 
conditions upon a plate adjacent to a plate upon which the 
conditions are known, given boundary conditions of the 
system. When a sufficient amount of information is avail- 
able, conditions in the column can be determined by ad- 
vancing toward the center of the column plate at a time 
using the known conditions at the ends of the column. 
The plate-to-plate calculations require the solution of a 
pair of simultaneous equations each of which contain two 
unknowns. Unfortunately, a number of the terms involved 
in the equations are nonlinear functions of one of the 
unknowns. The usual method of solving the plate-to- 
plate equations consists of assuming values for the two 
unknown quantities and substituting these values into the 
equations to determine whether the equations will balance. 
When a solution is obtained, the conditions upon one 
plate of the column are determined. The available in- 
formation can then be substituted into the plate-to-plate 
equations, a subsequent solution of which will solve for the 
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Figure 1. Console and associated amplifier racks of the ana- 
logue computer 


conditions upon an adjacent plate in the column, or tower. 

An analogue type of computer that solves the plate-to- 
plate calculations in a fraction of the usual time has been 
designed and constructed at Northwestern University 
(refer to Figure 1). Each coefficient and variable in the 
plate-to-plate equations is represented either by the 
voltage gain of a voltage-divider network or by an amplifier 
within the computer. A 400-cycle signal voltage is supplied 
to the input of the computer circuit. The network ele- 
ments have such a configuration that they successively 
operate upon the signal voltage in order to build up the 
various terms of the plate-to-plate equations. At appro- 
priate points throughout the circuit, voltages are added as 
specified by the form of the equations. An indication of 
the balance of the equations is displayed by a pair of volt- 
meters (the meters located to the operator’s right on the 
console of Figure 1). The computing machine solves the 
equations in a manner similar to the more usual methods. 

Prior to the initial solution certain adjustments must be 
made upon the computing machine, so that it will be able 
to solve multicomponent fractionation problems involving 
a particular set of hydrocarbon components and will have 
solutions falling within a given range of temperature. Upon 
completion of these initial adjustments, every particular 
setting of each of two dials corresponds to the operator 
assuming values of the two unknowns and substituting these 
values in the equations. This arrangement allows the 
operator of the machine to make extremely fast trial selec- 
tions of the two unknowns and immediately presents the 
operator with an indication of the balance of the two plate- 
to-plate equations. A solution of the plate-to-plate equa- 
tions is obtained when the two voltmeters simultaneously 
indicate balance of the two equations. 
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OTARY WEB printing presses reached essentially 

their present form at least 50 years ago. Electric 
drives have kept abreast of press developments to produce 
a better product at higher speed. ‘The resulting press 
drives are highly refined equipments designed to meet the 
special application problems of press operation. 

Rotary presses draw continuous webs of newsprint from 
heavy newsprint feed rolls. to reach 
speeds of 1,500 feet per minute, must be limited to avoid 
breaking of the webs. A threading speed of 2!/, per cent 
of full speed is needed for leading the long webs through 
the press to the folder. Crisp, accurate inching action is 


Acceleration rates, 


necessary in order to position the plate cylinders for appli- 
cation of the type plates. 

Smooth acceleration and deceleration over a five-to-one 
Initial adjustments are 


speed range must be provided. 
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Schematic diagram of an electronic printing press drive 


The 3-phase full-wave ignitron rectifier transforms the 440-volt 3-phase in- 
put power to direct current which is fed directly to the armatures of the 
press drive motors 


made at 20 per cent speed. Production is at 75 to 100 per 
cent speed. ‘The electric drive must provide a large part of 
the braking torque for emergency stops. 

The a-c double-motor drive has been used successfully 
as a press drive. It uses a wound-rotor main motor, with 
secondary resistance control, and a separate smaller motor 
for jogging and low-speed threading functions. 

This drive, however, has certain inherent drawbacks. 
First, the extra threading motor, with overunning clutch 
and gearing, introduces undesirable mechanical compli- 
cations. Secondly, efficiency is low at reduced speeds, 
wasting power and making necessary expensive provisions 
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for getting rid of secondary resistor heat. Thirdly, speed 
regulation is poor at reduced speeds, making necessary 
special adjustments if correct operation is to be maintained 
as press loads are changed. 

The electronic printing press drive eliminates these draw- 
backs. Jogging and threading, as well as high-speed 
operations, are accomplished by the main motors, eliminat- 
ing the extra threading motor. Efficiency of the system 
stays at about 85 per cent over the full production range. 
Speed and acceleration rate are not materially affected by 
load change. 

Power at 440 volts, three phase, is rectified to direct 
current in a 3-phase double-way ignitron rectifier and fed 
directly to the armatures of the press drive motors (Figure 
1). Voltage is adjustable from zero to 550 volts by means 
of a closed-loop amplistat regulator acting to phase the 
tubes ahead or back as a function of a 
reference voltage. Speeds above motor 
base speed are obtained by motor 
shunt field weakening controlled from 
an amplidyne regulator. A  motor- 
driven potentiometer gives 35-second 
timed acceleration from _ threading 
speed to full speed, with deceleration at 
the same rate. Any speed above 2!/, 
per cent can be held continuously and 
with essentially shunt speed regulation 
regardless of press size. Conventional 
dynamic braking can be set to give any 
desired rate of stopping. 

First cost of a complete electronic 
drive is usually slightly higher than a-c 
wound-rotor drive, but certain savings 
tend to make up the difference. An- 
nual savings resulting from higher ef- 
ficiency at average production speeds 
often are a material figure. Electronic drive lends itself par- 
ticularly well to production in factory-assembled and wired 
cubicles, giving the lowest possible installation cost. Movy- 
ing parts have been reduced to a minimum, and power 
making and breaking contacts virtually eliminated by 
the use of ignitron tubes. Reduced maintenance can be 
expected from this simplification. 

A number of electronic drives have been in regular pro- 
duction for over a year, and have proven satisfactory on 
the score of reliability and general performance. A total 
of 28 ignitron rectifiers, powering 5,000 horsepower of mo- 
tors, are now installed in newspaper plants. 
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Measurement of Tube Voltage Drop 
in Hot-Cathode Gas Tubes 
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if MANY industrial control applications, particularly 
in process industries, interruptions due to tube failures 

can be costly. Removal of gas tubes at fixed intervals 
to insure continuity of service does not improve reliability 
enough to be a solution. Statistically, a certain group of 
long-life tubes will be replaced by some short-life tubes. 
A means of anticipating end of life is, therefore, highly 
desirable. 

Although there are other types of failure, the most 
common manifestation of end of life is an increase in tube 
voltage drop. On applications where this is the typical 
tailure, measurement of tube voltage drop is a most useful 
tool for anticipating end of life. 

Since several factors have varying effects on tube voltage 
drop, it is evident that meas- 
urements must be carefully 
considered before conclusions 
can be drawn regarding re- 
maining life expectancy. 
Through a_ discussion of 
methods of measurement, in- 
terpretations of measure- 
ments, and presentation of 
some data, it is hoped that 
tube users will be encouraged 
to accumulate the tube volt- 
age drop data that will enable them more accurately to 
predict end of life in their units. 

There are several different methods of measuring tube 
voltage drop. Brief descriptions are given in the following 
paragraphs. 

For the relatively few cases where tubes are used on 
direct current the drop can be read directly with a volt- 
meter at the desired value of current. Since tube voltage 
drop varies a few volts with current, this method is not 
precise enough to yield the information necessary to predict 
end of life if the tubes are to be used on alternating current. 

An accepted method of getting more pertinent informa- 
tion while the tube is operating on alternating current is 
with a wattmeter and d-c ammeter. ‘Typical connections 
are shown in Figure 1. The tube watts, obtained by con- 
necting the current coil in series with the tube and the 
voltage coil across the tube, divided by the average current 
in amperes gives the average tube voltage drop. With 
the usual wattmeter of sufficient sensitivity operation must 
be at low voltage. Care should be taken to correct the 
wattmeter reading for coil losses, if sizable, by connecting 
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In order to predict end-of-life of gas-filled tubes 
being used for industrial control, tests have been 
developed to show the voltage drop of these 
tubes while they are in use. 
increase rapidly in tube voltage drop in the 
latter part of their useful life, these tests indicate 
the time when the tubes should be replaced 
to prevent emergency shutdowns. 
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the voltage coil to read the watts lost in the current coil 
under load. If the load is resistive the drop is the average 
over the range of current from zero to the peak which is 
roughly w times the average current. 

Methods giving instantaneous values of drop are often 
preferable. This is due to the fact that the instantaneous 
tube voltage varies more with current than the average arc 
drop because of increased emission from ion bombardment 
and cathode heating by load current. 

The vacuum-tube voltmeter may be used to measure 
the highest point in the tube voltage drop curve. Some 
provision must be made in the grid circuit of the voltmeter 
vacuum tube so that no voltage will be recorded before 
current passes through the tube under test. Otherwise, 
the starting voltage of the 
tube will be measured. There 
are two limitations to read- 
ings obtained by this method. 
First, a tube whose cathode 
develops hot spots or sputters 
during the test may read mod- 
erately low in tube voltage 
drop. Second, the reading 
will be misleadingly high if 
there are any plasma oscilla- 
tions. These oscillations will 
be mentioned later in discussing the voltage-current curve. 

Since the peak drop does not tell the complete story, 
particularly if it does not coincide with maximum current, 
a cathode-ray oscilloscope seems to be the most satisfactory 
tool. The simplest method of using the oscilloscope, and 
one which can usually be employed without removing the 
tube from service, is to connect one set of deflection plates 
across the tube with a time sweep on the other set. With 
sufficient sensitivity to give good tube voltage drop readings, 
most of the remainder of each cycle will be off scale. To 
obtain the required sensitivity with direct connection to 
the plates it is usually necessary to reduce the accelerating 
voltage on the cathode-ray tube. The recent oscilloscopes 
with good d-c amplifiers allow use of the normal input 
terminals. The small portable instruments with d-c 
amplifiers now available are particularly useful for testing 
the tube without removing it from service. 

A voltage-current curve may be obtained with an 
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Figure 1. Using this test cir- 
cuit, the tube voltage drop on 
alternating current may be 
computed by dividing the tube 
watts by the average current 
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oscilloscope on a tube under normal operating conditions. 
A typical connection for a tube in a single-phase full-wave 
circuit is shown in Figure 2. The deflection plates across 
the tube measure tube voltage drop and the plates across 
the resistance give a current indication. It will be observed 
that the circuit must contain some noninductive resistance. 

Ionic bombardment and the heat produced by it at the 


Figure 2. Test circuit for ob- 
taining the voltage-current 
curve with an oscilloscope so 
that the tube need not be 
removed from service 


cathode both influence tube voltage drop. It is, therefore, 
helpful to obtain a voltage-current curve with as little 
heating effect as possible. This is accomplished by passing 
single half-cycle or quarter-cycle pulses. 

A common laboratory method is shown in Figure 3. The 
tube to be tested is connected in series with a known value 
of resistance across an a-c source. Voltage and resistance 
are chosen to give the desired maximum current, usually 
the peak instantaneous current rating of the tube, at the 
peak of the voltage cycle. Sensitivity may be adjusted 
to keep the complete sweep on the scope. 

If the tube under test is a grid-controlled tube, the grid 
circuit may be arranged to give the single half- or quarter- 
cycle pulse. The grid circuit may be pulsed manually. 
For greater flexibility, so that heating effect may be shown, 
fixed or variable resistance-capacitance elements may be 
included to give pulses at predetermined intervals. For 
the same test on a rectifier tube, it may be put in series 
with a grid-controlled tube. 

Another laboratory method is the discharging of a 
capacitor through the tube to give the pulses. A voltage- 
current trace can be obtained as before. ‘This method 
allows high current pulses of exceedingly short duration 
while keeping the average current at a minimum. 

Wherever readings by any method are to be used for 
comparative results on directly heated cathodes, two 
aspects of filament voltage should be considered. First, 
since emission, and therefore tube voltage drop to quite 
an extent, depend on cathode temperature, the filament 
voltage should be held constant. Second, the instantane- 
ous value of filament voltage is changing throughout each 
cycle. If filament voltage is in phase with anode voltage, 
the peaks will occur simultaneously, and half the filament 
peak (that is, 1.75 volts on a 2.5-volt filament) may be 
added to or subtracted from the true peak tube-voltage 
drop, depending on the connection of load return lead 
and oscilloscope lead to the filament. This inaccuracy 
can be minimized by bringing both load return and 
oscilloscope cathode connection to the center tap of the 
filament transformer and using a consistent filament voltage 
to anode voltage phasing for testing. Consideration of 
what the tube voltage drop, as read by different methods, 
shows regarding tube conditions may help determine which 
test method may be used to best advantage. 
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Figure 4A is a sketch of a typical trace observed with a 
single half-cycle pulse. S$ is the anode voltage at which the 
tube fires and current starts to flow. At L sufficient ions 
have been formed and distributed to produce arc condi- 
tions. Usually at a slightly higher current a minimum 
arc voltage M will be observed. The region between L 
and M may be a solid line as shown, or may be a region 
of high-frequency oscillations. These oscillations may 
usually be traced to changes in the distribution of ionization 
throughout the plasma. According to life test data, they 
do not affect tube life either advantageously or adversely. 
With a tube operating at moderate current and using the 
vacuum-tube voltmeter for measuring, these peaks may be 
recorded and give results which are subject to misinterpre- 
tation. 

Figure 4B shows two more traces which are sometimes 
observed on a half-cycle pulse. Curve A shows that the 
voltage at the higher currents is less on the back side of the 
half cycle. Ion bombardment or cathode heating effect 
has enhanced the emission during the first portion of current 
conduction. 

Curve B of Figure 4B shows a typical trace for a cathode 
which has developed a hot spot. This indicates that some 
portion of the cathode has suddenly become highly emissive 
and has retained this increased emission for the balance of 
the cycle. That brings up an important point in connec- 
tion with cathodes for gas tubes. They must be capable 
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of withstanding bombardment of ions with energies corre- 
sponding to the arc voltage. Such bombardment may in- 
crease the emission at a hot spot, as shown, but coincident 
with the hot spot there may be a loss of cathode material. 
This would be called sputtering and the point at which it 
occurs, a sputter point. It seems advisable to look upon 
all such breaks with suspicion and call them sputter points. 

Sputter, for cathodes of given surface composition and 
processing, usually does not occur at a particular current 
or voltage. It seems to co-ordinate better, in general, 
with the product of the two. There is, however, a wide 
variation in the value of voltage-current product at which 
sputter appears between various types of oxide cathodes. 
Some very emissive coatings will sputter at low voltages. 
Others, less emissive but tougher, will not sputter up to 
voltages three or four times as much. Provided the sputter 
point is at a heavy current, coatings with high product 
points are preferable for long life in gas tubes, even if the 
voltage is moderately high. 

It has been suggested that even though no sputter point 
is observed, if the tube voltage drop has exceeded some 
disintegration voltage the oxide cathode will still lose 
emission rapidly due to loss of material. Such a dis- 
integration voltage has been stated by Hull! to be around 
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25 volts for thoriated-tungsten cathodes in different gases. 
That loss of a specific amount of material varies with 
coatings has been shown by Koller? who obtained threshold 
values ranging from 14 volts for barium on tungsten to 
45 volts for cold oxide coatings. The tungsten-type 
cathodes are known to be unsatisfactory for use in gas 
tubes. The oxide cathodes of Koller were prior to the 
amphoteric-nickelate type of oxide cathode widely used in 
present gas tubes which can stand high-voltage bombard- 
ment for long periods. 

Further, there is evidence that just as different types of 
coating have varying sputter characteristics, so their 
emissions under bombardment vary. This is sometimes 
observed on short time tests. Instead of a single half- 
cycle pulse, repeated pulses can be given, but at a relatively 
slow rate so that the cathode temperature is not raised 
appreciably. With some cathodes the traces for succeeding 
pulses will coincide well, while on others it may either 
slowly or rapidly increase or decrease. An increase may 
be evidence of a disintegration voltage for that particular 
coating. This slow pulse test just described may be the 
ideal test for tubes to be used in applications such as 
welders, ignitor firing, and others. 

Ionic bombardment and tube current flowing through 
the cathode both have a cathode heating effect. It may 
be important to know the tube voltage drop at the higher 
temperatures thus obtained under load conditions. This 
may be accomplished by decreasing the intervals between 
pulses until the average current equals any desired value 
up to the average current rating of the tube. Here, again, 
different tubes will react differently as the average current 
is increased. 

As the test condition approaches operation every cycle, 
the wattmeter method can be substituted for the oscilloscope 
method without too much loss of information. While the 
peak value will not be observed, the reading will co-ordinate 
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Figure 4. Typical arc voltage-anode current characteristics of 


gas tubes with half-cycle current pulses 


A—No effect due to ion bombardment 

B—Curve A shows that voltage at higher currents is less on the back side of the 

half cycle. Curve B shows the oscilloscope trace of the voltage of a tube which 
has developed a hot spot on the cathode 


well with the peak value. It does have the advantage of 
giving watts lost in the arc directly, which cannot be 
obtained by the oscilloscope. 

Life of a given tube depends in a complex way upon the 
operating duty of each of its many ratings and upon the 
abnormal operating conditions throughout life. So far 
tube life has not correlated with any initial test measure- 
ments by any of the foregoing tests provided the initial test 
reading is better than some minimum value. The com- 
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plexity of all the different operating duties and conditions 
has made it impractical for tube manufacturers to life 
test under enough of the possible combinations to give 
generally applicable rules for predicting end of life. As a 
rough guide a value of average or peak tube voltage drop 
is sometimes given. However, on a given installation 
where high tube voltage drop is the typical failure, a useful 
tube voltage drop limit may be determined by one of the 
foregoing tests in service and used thereafter successfully 
for the particular unit as long as its operating conditions 
remain reasonably uniform. 

The following data give some typical values on tube 
voltage drop throughout life under a few typical operating 
conditions, as measured by some of the previously described 
methods. Figure 5 shows plots of readings taken on both 
anodes of a full-wave rectifier having a cathode for each 
anode. The data are typical of many such curves. It 
will be noted that at 50 hours both cathodes gave equal 
tube voltage drops. Also, both tube voltage drops became 
lower during the first 600 hours. The minimum drop 
extending over most of the operating life is typical, as is 
the upswing toward the end of life. Unfortunately the 
upswing and recovery shown by the dotted curve, though 
not typical, is not rare. 
tinued for two more volts the manufacturer’s value for 
end of life would have been reached, the tube removed, 
and 25 per cent of the potential life sacrificed. 

The tube voltage drop values of curves of Figure 5 are 
oscilloscope readings of the peak with the tube in the life- 
test circuit. The isolated points at start and end of life 
were taken with the tube in a half-cycle pulse tester at 
rated peak current. ‘These points and the curves show the 
extent of correlation between the two peak tests for this 
tube in this particular duty. 

Figure 6 gives additional typical curves using the watt- 
meter method. Readings were taken by operating at 
rated average current through a resistance load for one 
minute before reading. Except for curve 2, therefore, 
the readings were not taken near life test conditions. Both 
curves 2 and 3, however, show the minimum mentioned 
previously. They have not reached end of life. 

Curve A of Figure 6 is a plot of gas pressure, expressed 
in arbitrary units, of the tube from which curve 2 was 
obtained. Curve A shows no appreciable change in gas 
pressure has occurred in 11,500 hours. This is quite 
typical of properly-designed tubes run within their ratings. 

Data given so far might indicate that either average or 


If the initial upswing had con- 


Figure 5. Arc volt- 
age versus opera- 
tion time on both 
anodes of full-wave 
rectifier operating at 
140 per cent of 
average current rat- 
ing and 110 per cent 
of peak current 
rating 
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Figure 6. Arc voltage (1, 2, 
3) and gas pressure (A) versus 
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peak tube voltage drop may be used to show if there is an 
upswing indicating approaching end of life. This is not 
always true. Two tubes were operated at 125 per cent 
of peak current rating with complete half-cycle pulses 
into a resistance load every tenth cycle. This gave an 
average current of approximately 50 per cent of rating. 
The arc drop of both tubes, measured at peak current, had 
increased during the time they were operated. Average 
tube voltage drop measurements show no increase for one 
tube and an insignificant amount for the other. The 
data are shown on Table I. Obviously the peak current 
test is the correct one for this application. However, the 
average tube voltage drop test indicates both tubes should 
still give long life in a lower peak current circuit. The 
tubes were not continued beyond the hours shown, but 
tube 7 seems to be failing at a slower rate. ‘This was pre- 
dicted at the start by observations taken after 360 pulses. 
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Table I. Peak Tube Voltage Drop versus Number of Pulses for 
Two Grid-Control Tubes 
Voltage Drop at 125 Per Cent Average Voltage Drop at 100 
Rated Peak Current. Half- Per Cent Average Current. 
Cycle Oscilloscope Method Wattmeter Method 
Pulses Tube 1 Tube 2 Tube 1 Tube 2 
Or crarareve oii cparshetel sleet e: O5 oes eases 20 ie pe toctt tate Sere LOSS. define ees 10 
SOC Arete nistele ousiatereere eieterers ARM Berets tn tom 30s) ss ia reis: ats esis s ceiataus cee ohniee lane tected 
Ah SOF LOST aratslevette: soa tole: tay otsnel ol eretahy eter AO Row eis elspsvewtorsee anaes erent at ctcte ke eiate 11 
5 aA ear OCR IE ao Ae cece Ue: Sees Soleo’ 1 Ob SS ate ane enaeca 


It has been pointed out that different limits and interpre- 
tations may apply to tubes with different cathode materials. 
Due to the countless possible combinations of average and 
peak currents, different applications may call for different 
tests and end of life limits. At the same time, it is felt that 
the data available, of which that presented here is typical 
for one type of cathode, indicate a strong possibility that 
many tubes increase in tube voltage drop rather rapidly 
in the latter part of their useful life. This should encourage 
the user of fair quantities of tubes of the same type and 
manufacture to set up periodic check tests. A reasonable 
amount of data may well establish the limits at which such 
tubes should be removed to prevent emergency shutdowns. 
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Speed Reclosing on 


Long, Heavily-Loaded Lines 


CG. Ey PARKS 


RESENT-DAY large, interconnected transmission sys- 

tems, such as the hypothetical one under consideration 
in this study, illustrated in Figure 1, have many common 
problems with regard to economical line loading, optimum 
placement of generating capacity, and satisfactory solutions 
of protective relaying and reclosing requirements to provide 
the best over-all system performance. 

Economies in generating costs have dictated the location 
of generating plants. These chosen locations are, in many 
cases, remote from the points of large load concentrations. 
This fact has led to close study of the economics of trans- 


Full text of paper 50-16, “Consideration of Requirements and Limitations of Relaying 
and High-Speed Reclosing on Long and Heavily-Loaded Transmission Lines,”? recom- 
mended by the AIEE Relay Committee and approved by the AIEE Technical Program 
Committee for presentation at the AIEE Winter General Meeting, New York, N. Y., 
January 30-February 3, 1950. Scheduled for publication in AIEE Transactions, volume 
£9, 1950. 


C. E. Parks is with the Public Service Co. of Indiana, Inc., Indianapolis, Ind., and 
W. R. Brownlee is with the Commonwealth Services, Inc., Jackson, Mich, 
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mission; invariably included in these studies is the subject 
of adequate relaying facilities to be applied which will best 
satisfy the increasingly stringent line loading requirements. 
It is well recognized that there is a continuing trend toward 
higher normal and emergency loading of transmission lines 
in order to take full advantage of their capability.!. Higher 
standards of service at reasonable investment costs neces- 
sitate the consideration of a minimum number of trans- 
mission paths between load and generating areas. This 
dictates operation of lines under short-time emergency load- 
ings up to twice normal. These lines also must operate 
satisfactorily for very short intervals following system faults 
at even higher load or swing currents until normal system 
operation is restored. 

Full consideration must be given to equipment and meth- 
ods to develop the full emergency (swing) capability of 
the transmission system. In the past, system separations 
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have been attributed to ‘“‘out-of-step” or ‘“simultaneous- 
fault” conditions when actually such conditions may not 
have been present or else could have been prevented easily 
by proper study and application of adequate protective 
relay systems. Use of the automatic oscillograph has done 
much to disprove complicated theories with regard to 
unexplainable system operations making it evident that 
further study of the problem would have produced solutions 
which would have eliminated such situations which had 
previously been considered as impossible to prevent. 

The hypothetical system il- 
lustrated in Figure 1 is repre- 
sentative of systems with which 
all transmission engineers are 
familiar. The purpose of 
this article is to outline the 
relaying requirements of the 
two 70-mile 138-kv lines 
connecting station A, a base- 
load generating plant, with 
a net-load interconnected 
area, substations H and J. 

The two 70-mile transmission lines under discussion are 
required to serve primarily as the major power supply to 
the load areas at stations Hand J. The generating capabil- 
ity of the local station D is assumed to be limited by lack 
of available cooling water, and the generating cost differ- 
ential between stations A and D justifies substantial trans- 
mission of power to the load area near station D from station 
A in spite of rather heavy transmission line losses. Main- 
tenance outages at station D may require heavier trans- 
mission line loading for periods totaling perhaps three 
months of the year than would be economical for year- 
round operation. A typical resultant heavy loading con- 
dition may be taken as 90 to 95 megawatts for each of the 
two 70-mile lines. While lines of this length are not or- 
dinarily considered as long. lines the heavy concentration 
of generating capacity at each terminal and the high normal 
line loading result in characteristics of long-line variety. 

Relaying requirements for phase-to-ground faults on the 
two lines are not too severe. The 138-kv transformer bank 
neutrals are solidly grounded at each terminal station of 
the lines, thus providing adequate zero-sequence currents 
under practically any system operating condition. ‘The 
mutual coupling between the lines must receive close scru- 
tiny, however, to ascertain that positive and selective opera- 
tion occurs for ground faults at any point on the lines near 
stations H and J, particular attention being paid to the 
back-up ground relays on the line between stations H and J. 

Phase relaying requirements are more complex, and the 
solution to proper application must receive careful con- 
sideration, realizing that some compromises must be 
tolerated to meet the conflicting system operating require- 
ments. The conditions to be met are summarized as follows: 


1. Positive and complete fault protection for all generating and 
system operating conditions. 


* See “Protection of Short Transmission Lines” by W. E. Marter (EE, Mar’50, pp 196-9) 
and “‘Relay Protection for Transmission Lines” by J. H. Kinghorn (EE, Apr ’50, pp 
314-19). 

The authors wish to acknowledge the assistance of E. L. Harder and A. J. McConnell 
who made the a-c network analyzer and d-c calculating board studies on the system 
analyzed in this article. 
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Third in a series of articles* covering the pro- 
tection of transmission lines, this presents the 
requirements and limitations of relaying and 
high-speed reclosing on long and _heavily- . 
loaded transmission lines. The system provides 
protection that will withstand heavy emergency 
loads and swing current without unnecessary 
tripouts. 
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2. Adequate allowance for conditions presented by fault arc im- 
pedance. 


3. Some measure of backup protection should the proper circuit 
breaker fail to operate on fault. 


4. Operating reliability with approximately double normal load 
plus the addition of current caused by system oscillations. 


5. Characteristics suitable for high-speed simultaneous tripping and 
reclosing. 

It is of further importance to recognize that certain 
combinations of circumstances may cause actual out-of- 
step conditions to exist between 
systems, across one or both 
of the 70-mile lines. In this 
case, it is imperative that the 
two systems be separated on 
the first complete swing in 
order to prevent serious dis- 
ruption of the complete power 
system at many points. This 
consideration obviates the 
use of any time-delay im- 
pedancesequence interlocking 
arrangement applied to prevent out-of-step tripping on 
swing currents. 

In order to provide information on phase relaying for the 
hypothetical system under consideration, a-c calculating 
board studies have been made, based on 3-phase faults 
with 1-cycle relaying and 5-cycle circuit-breaker tripping. 
For simplicity 3-phase faults only were studied. These 
are only slightly more severe to the over-all system than 
those involving two phases and ground, which are reason- 
ably common. 

Figure 2 shows the impedance presented to the phase 
relays at station A on the line to station H for a fault at 
station A on the line to station J; this fault was cleared at 
both ends in six cycles, reclosed in 20 cycles, and retripped 
in six cycles. Swing curves taken for the system under this 
condition indicate that system itself is stable. For compari- 


son, the characteristics of impedance, reactance, and modi- 
fied impedance distance relays are illustrated with conven- 
tional settings of Zone 1 and Zone 2 tripping (Zone 3 
The reactance units require a voltage re- 


not shown). 


140 MULT. 
MW. Ee Kv. 


LOAD & CEN. 
INTERCONNECTION 


Figure 1. Representative transmission system 


The lines considered in this article are the two 70-mile 138-kv lines connecting 
generating station A with substations H and J 


423 


straint directional starting unit, and the plain impedance 
elements require a directional unit. 

Figure 3 shows the impedance presented to the phase 
relays at station A with a fault on the double circuit line at 
station A. This diagram indicates that successful reclosure 
of both lines will prevent system instability; however, if 
only one line recloses successfully and the other recloses 
on a fault, the system will become unstable and separate 
on the line which reclosed successfully. Successful reclos- 
ing of the lines following a transient fault requires that the 
phase relays should not trip on the resulting swing currents. 
For comparison, Zone 1 and Zone 2 settings of another 
form of modified impedance relay (with directional unit) 
are shown, indicating that the swing current is within the 
Zone 2 setting for at least one-half second. 

Figure 4 applies to another system and illustrates the 
nature of swings presented to the phase relays on a single- 
line transmission system joining two areas when a fault 
occurs on an external line of one of them, the fault being 
cleared rapidly at the near end and by Zone 2 timing at 
the far end. For comparison, a smooth line is plotted 
based on treating the areas as a 2-machine problem. Vari- 
ations about this simplified line are due to swings of individ- 
ual generating stations of the area in which the fault 
occurred. 

This effect is significant because the relays on 
such a tie line must remain inoperative for impedances 
corresponding to as much as 30 apparent electrical degrees 
greater than the 2-machine stability limit, whereas the 
transient stability limitations of a tie line are properly 
evaluated on an approximate 2-machine basis. 

Two possible solutions may be considered for the 70- 
mile-line problem under consideration. One of these 
might be a carrier pilot scheme using a modified impedance 
or “mho” element, shown in Figure 5. In this scheme, a 
long-time back-up distance element (omitted for simplifica- 
tion) is in operation at all times, but Zone 1 distance relay 
tripping (not shown) is normally cut out of service by the 
carrier control switch. The displaced circles operate to 
stop carrier, set up the tripping circuit, and also to control 
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Figure 2. Impedance presented to the phase relays at station A 
on the line to station H for a fault at station A on the line to station J 


Zone 2 timing, and the larger impedance circles start 
carrier. However, the presence of a carrier signal cuts 
out Zone 2 tripping. ‘Thus, for normal operation, all line 
faults are cleared by carrier relays, but it is necessary for 
the swing current impedance to enter the zone of both 
circles (near and far terminals) to cause tripping where the 
backup element is set for a time long enough to avoid 
tripping on swings. 

When carrier-pilot protection is to be added to a line 
already equipped with distance relays, the use of the “‘phase- 
comparison” type of carrier relaying may have advantages 
since this type of carrier protection is immune to swing 
currents. Under this scheme, it would become necessary 
to provide for tripping on actual out-of-step conditions 
using a modified setting of the distance relay elements. 
The reach of the Zone 1 elements of the distance relays may 
be shortened so they just overlap, thus insuring that at 
least one end of the line will trip on actual out-of-step 
conditions but minimizing the likelihood of undesired 
tripping. It would become necessary to make Zone 2 
tripping nonautomatic for normal operation and to set 
Zone 3 timing long enough to prevent tripping on system 
swings. 

Application of the phase-comparison type of relay- 
ing would have to be studied very closely to determine the 
sequence quantities which would be employed for fault 
detection. Due to the heavy load currents, both normal 
and abnormal, which flow on the two lines which are in- 
volved, the relay which is applied must be able to dis- 
criminate correctly between normal and fault conditions. 
If such a relay is completely desensitized for load currents, 
faults beginning as 3-phase line faults would not be cleared 
correctly. 

Each of the foregoing schemes have serious limitations 
and represent severe compromises, especially in backup 
protection, 

It has been assumed throughout this discussion that high- 
speed reclosing would be applied on the two tie lines 
under consideration. This, of course, requires that carrier- 


pilot relaying of some form would be installed to obtain 
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Figure 3. Impedance presented to the phase relays at station A 
with a fault on the double circuit line at station A 


This fault was cleared at both ends in six cycles, reclosed in 20 cycles, and Successful reclosure of both lines prevents system instability, but instability occurs 


retripped in six cycles 


424 


Parks, Brownlee—Relaying and High-Speed Reclosing 


if only one line recloses successfully 
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Figure 4. Variation of impedance at relays with external fault 
cleared sequentially 


simultaneous fault clearing at each terminal of the lines. 
Generating conditions on the two portions of the system 
being studied further require that the resynchronizing of 
the two systems must be accomplished very rapidly if 
serious load-generation unbalance diffculties are to be 
avoided in the vicinity of stations D and J. 

The most simple and inexpensive form of high-speed 
reclosing would be of the 3-pole type.2- However, the serious 
stability problems that present themselves under any type 
of fault on one or both lines, whether complete successful 
3-pole reclosure is accomplished or not, leads to the con- 
clusion that serious study should be given the application 
of selective or single-pole tripping and reclosing.*+ In case 
of transient faults involving only one phase and ground, the 
faulted phase only would be tripped at time of trouble and 
reclosed at high speed. This would usually result in the 
maintaining of some tie between the two systems, even 
with certain phases of both circuits being open at time of 
fault. 

The phases which remain as ties between the two 
systems would carry synchronizing and some load current, 
thus retarding the angular drift between the systems during 
the dead time when the faulted phases are being restored 
to service by high-speed reclosing action. Determination 
of the type of reclosing which is to be employed will de- 
pend on further stability analyses, and on the relative 
number of single-phase-to-ground and multiphase faults ex- 
pected, both for single-line and double-circuit faults. 


CONCLUSIONS 


Certain salient points which may govern or determine the 
selection of relaying and reclosing applied to a hypothetical 
system have been discussed. It is realized that each power 
system will require individual study for the selection of the 
appropriate protective scheme. However, it is believed 
that a large number of power systems will contain transmis- 
sion links of the type to which the following conclusions 
may well apply. 


1. Modern transmission-line loading practices are such that they re- 
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Figure 5. Carrier pilot protection for long lines 


For normal operation all line faults are cleared by carrier relays, but the swing 
current impedance must enter the zone of both circles to cause tripping where the 
backup element is set for a period long enough to avoid tripping swings 


quire relaying systems which have greatly improved discrimination 
so that they can 

(a). Withstand heavy emergency loads and swing current without unnecessary trip- 
outs. 

(4). Provide positive fault protection with allowance for arc impedance. 

(c). Withstand swings inherent with high-speed reclosing. 


(d). Provide at least some measure of backup protection. 


2. High-speed reclosing of important tie lines should receive favor- 
able consideration. Either 3-pole or single-pole reclosing may be 
applied, depending on the system stability characteristics and on the 
number of single-phase-to-ground and multiphase faults. Either type 
of reclosing imposes severe requirements on transmission line relaying. 


3. Distance relay elements with modified impedance characteristics 
provide reduced susceptibility to swing current but are usually not 
sufficient for the more severe applications. 


4, Time-impedance sequence blocking is seldom applicable to the 
longer tie lines, since system reliability requires that an actual out-of- 
step condition be cleared on the first swing. 


5. Carrier relaying based on modified impedance relay elements can 
minimize undesired tripping, provided the first and second zone dis- 
tance relay back-up elements are normally out of service. 


6. Relaying schemes which minimize the possibility of incorrect 
tripping involve severe compromise with backup protection, espe- 
cially protection against the rare failure of a circuit breaker to trip. 
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NE STEP in the calculation of underground cable 

temperatures involves the determination of the tem- 
perature rise of the cable surface above the immediately 
surrounding enclosure such as a duct structure or a gas- or 
oil-filled pipe. Since the intervening medium is a fluid, 
the mode of heat transfer simultaneously involves convec- 
tion, conduction, and radiation. 

The semiempirical methods now in use for this deter- 
mination in the case of cables in duct are not entirely satis- 
factory, and with the advent of gas- or oil-filled pipe-type 
cables there has arisen a definite need for a method of 
evaluation for these cable types as well. 

Because of the complex nature of the problem and the 
number of independent variables which are present, it is 
impractical to cover completely all possible combinations 
which may be met in practice solely by tests. By de- 
veloping the theoretical relationship between the variables, 
however, it is possible to develop procedures by which the 
test data available may be analyzed in such a way that rela- 
tively simple working expressions may be derived which 
may be applied with sufficient practical accuracy over the 
entire working range. 

The theoretical relationships in the case of cables in duct 
or gas-filled pipe may be simplified to the following general 
form: 


1 
aA T'*P*/2/D"/4 +b 


HyqD5' = thermal ohm feet inches (1) 


in which H,, is the thermal resistance, and AJ the tem- 
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perature drop between cable and duct or pipe, D,’ is the 
effective diameter of the cable or group of cables, P is the 


pressure in atmospheres, and a and # are constants. For 
oil-filled pipe the corresponding relationships are 

1 
leh thermal ohm feet (2) 


a’D. AT Ty 4 +8! 
in which 7,, is the average temperature of the oil. 

From an analysis of the test data obtained the constants 
a, b, a’, and b’ have been determined, thus permitting the 
evaluation of H,, over the entire operating range. 

In the case of cables in duct, it is customary to express the 
thermal resistance between cable and duct wall in terms of 
an effective surface resistivity factor 8 according to the ex- 
pression 


Ayqg=0.00411 S thermal ohm feet (3) 
where 8 is expressed in degrees centigrade square centi- 
meters per watt. Furthermore, it is preferable to utilize 
Q, the heat flow in watts per foot, rather than AT in the 
variable parameter, since the latter is equal to QH,,. By 
means of these relationships the values of 8 as a function of 
(Q’*P/D,')'” thus determined are shown in Figure 1 for 
cables in single dry ducts and in gas-filled pipe. In utiliz- 
ing the value of 8 for single dry fiber duct H,,, as deter- 
mined from equation 3, should be increased by 0.33 thermal 
ohms to account for the greater thermal resistance of the 
fiber duct than the section of concrete duct structure which 
it replaces. Figure 2 presents H,, for oil-filled pipe as a 
function of (QD,’*T,,3)'“. 

As indicated on Figures 1 and 
2 for representative conditions, 


~TYPICAL OF 


the effective surface resistivity 


— CABLE IN DUCT 
Q=10 P=1 Ds=2.5 


factor 8 used in equation 3 is 


equal to 800 degrees centigrade 
square centimeters per watt for 


cables in pipe and in single dry 


terra cotta or Transite ducts at 
atmospheric pressure and is some- 


TYPICAL OF 


what higher for cables in single 
dry fiber duct. For cables in gas- 
filled pipe-type installations at 200 
pounds per square inch @ is 450, 


---TYPICAL OF 
OIL FILLED PIPE 


| Q=25 Ds=4.5 Tm=50 


GAS FILLED PIPE 
AT 200 PSI ~~. 
eral fo) 40 80 


Figure 1. Values of 8 for cables in single 


dry ducts and in gas-filled pipes 
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Figure 2. Values of thermal resistance 
H,_~ in thermal ohm feet to be used in cal- 
culating the temperature rise of under- 
ground cables in oil-filled pipe as a func- 
tion of (QD;"T,,°)'/'; for representative 
conditions the effective surface resistivity 
factor 6 is 350 degrees centigrade square 
centimeters per watt 
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and it is 350 for cables in oil-filled 


120 160 pipe-type installations. 
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The Metrotype System of Digital Recording 
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HE YEARS since the war have been highlighted by 

ever-increasing costs of production. With such a con- 
dition existing, the need for automatic devices to monitor 
and contrel processes becomes increasingly urgent. The 
need for devices which would 
provide data is felt even more 
pressingly. If additional labor 


controls a line relay which in turn will operate a standard 
teletype printer. The unit can be started by a clock, man- 
ual switches, or any other starting circuit, and will generate 
the teletype codes? as required by the master switch and 

the number-mixing relays. 
In order to sequence the 


to read curves, instruments, 
and so forth, can beeliminated 
and the data obtained in nu- 
merical form, even further ad- 
vantages can be obtained. 
The Metrotype is a system 


Electrical quantities are automatically measured 
and recorded in numerals at predetermined 
intervals by the Metrotype system. Readings 
may be telemetered over a single channel for 
any distance. This article describes the process 
by which the instrument measures, telemeters, 
and prints the readings on a “‘log sheet.” 


operations properly, a master 
Stepping 
of the master switch is con- 
trolled by the 77Y transmit- 
ter. “The master switch estab- 
lishes the proper framing func- 
It deter- 


switch is provided. 


tions for the printer. 


of making measurements and 

recording them indigital form. 

If telemetering is required, each reading is transmitted singly 
and recorded in tabulated form. Only one transmission 
channel is required and this can be of telegraph quality. 
The name Metrotype is derived from the Greek words 
metron, to measure, and typo, to mark. 

There are several ways in which an electrical quantity 
may be measured. ‘The usual ways are an indicating in- 
strument or a curve-drawing instrument. ‘The method of 
making a measurement by the direct writing of the numbers 
has not been generally used other than in digital counting 
machines (the cash register or adding machine). 
the war, several machines which make printed electrical 
measurements were built and used,! but they were subject 
to many difficulties. A machine such as the Metrotype 
which can make sequential readings and transmit these 
readings to a distant point is an improvement on the prewar 
machines. 

The machine to be described will select in sequence the 
quantities to be measured, make the measurement, transmit 
these readings as far as desired, and record them in numeri- 
cal form properly tabulated. A complete 3-digit reading 
can be measured and recorded in 0.8 second. It combines 
the electronic computer technique with that of the printing 
telegraph. The result is a measuring instrument which 
makes readings automatically in numerical form. Stand- 
ard paper with as many copies as desired may be used to re- 
cord the results. 


Before 


SYSTEM ARRANGEMENT 


The block diagram of Figure 1 indicates the interrelation- 
ship of the various components. The master control is 
inherent in the teletype (77Y) transmitter. This unit 
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mines when the circuit selec- 
It provides 
a method for homing the circuit selector to the proper start- 
ing point, and it controls the operation of the print sequence 
control. At the end of the printing cycle it turns off the 
printer and equipment. 


tor will operate. 


The print sequence control is initiated by the master 
As it 
runs, it selects the circuit to be measured, clears the elec- 
tronic counters, pulses the step voltmeter, operates the digi- 
tal sequence of the number mixer, and inserts the space func- 


switch after the printer has been properly framed. 


tion following the numbers. 

The quantity to be read enters through the circuit selector 
and appears as a voltage at the step voltmeter. The latter 
generates a number of pulses proportional to the voltage 
being measured. ‘The pulses are counted by the electronic 
counters and held in the form of an electrical condition in 
the various stages of the counter. 

The number mixer consists of relays and tubes which re- 
ceive control information from the electrical conditions of 
the electronic counters and the print sequence control and 
translates this information into teletype code. ‘The teletype 
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code appears on the contacts on the number-mixer relay 
where it is read by the teletype transmitter and transmitted 
to the printer. The space function is also inserted at the 
proper time by means of a relay controlled by the print-se- 
quence control. 


TIMING SEQUENCE 


The timing of some of the more important events in the 
printing sequence is shown in Figure 2. The upper row 
(a) shows the teletype codes transmitted during the starting 
interval, the printing interval, and the stopping interval. 
The selection of events is controlled by either the master 
switch or the circuit selector switch. The controlling ele- 
ment is shownas curves (6) and (c) of Figure2. Following the 


ee eee PRINTING aS STOP ‘tf 


TTY CODES TRANSMITTED 
MASTER SWITCH 


COUNT PULSE 


— 
CLEAR PULSE 


HOMING—~ CIRCUIT SELECTOR STEP 


Figure 2. Time relations of events in printing sequence 


C. R.—carriage-return function; L. F.—line-feed function; 


function 


FIG.—figures 


sequence of events, the start of the master switch puts out a 
blank interval to start the printer, and then cuts in the cir- 
cuit selector and waits until the circuit selector has reached 
home position. During this interval no codes are trans- 
mitted. When the circuit selector reaches home position, 
control reverts to the master switch which then transmits 
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Figure 3. Diagram showing operation of teletype transmitter 


carriage return and figures functions to insure that the prin- 
ter is in a starting position at the left side of the page and 
in condition to print numbers. Control again returns to 
the circuit-selector switch and remains there for the remain- 
der of the printing interval. At the end of the printing in- 
terval control reverts to the master switch which, in turn, 
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PULSES, y coe ak ROE ek 
TRANSMITTER [- diagram of essen- 
tial features of 
print-sequence 
control 


BLANK (MEASURING INTERVAL) 
~-* COUNT PULSE 


100'S MIXER 


Unit is triggered by 
pulses received from 
the transmitter; these 
pass through control 
circuit before reaching 

H print-sequence tubes 
CLEAR PULSE 


TO CIRCUIT 
SELECTOR 
CONTROL 


transmits the carriage return, line feed, and stop function 
codes. The machine then turns off at both the measuring 
and printing ends. 

Curve (d) of Figure 2 shows that the print-sequence control 
is energized only during the printing interval. This pre- 
vents any of the print-sequence functions from interfering 
with the framing functions as determined by the master 
switch. ‘The pulses which step the print-sequence control 
are shown as curve (e) of Figure 2. Curve (f) shows that a 
pulse to the step voltmeter occurs at the beginning of the 
blank interval of each printing cycle. This blank interval 
provides a time interval for the step voltmeter to make the 
measurement. It is 0.16 second in duration. As indicated 
by curve (g), a clearing pulse is transmitted to the various 
counters at the beginning of the space interval to remove the 
previous count from the counters before a new count is re- 
ceived. Curve (A) of Figure 2 shows when the circuit selector 
steps. During the homing interval it steps rapidly until it 
reaches home. During the remainder of the printing cycle 
it steps at the beginning of the space function. 


SYSTEM COMPONENTS 


Teletype Transmitter. Figure 3 is a block diagram con- 
taining the essential information on the operation of the 
teletype transmitter. The principal component is a tube 
arrangement which acts like a ring counter of eight tubes 
operated one at a time under the control of an oscillator. 
The first two tubes of the ring counter generate a marking 
interval for the teletype printer and the next tube generates 
a spacing interval. ‘These are similar to the standard mark- 
ing and spacing intervals used for synchronizing the printers. 
The remaining five counting tubes are used for generating 
the coding pulses for the teletype printer. The code pulses 
pass through contacts of the number-mixing relays or the 
master switch, which allow the proper codes to pass to 
print the information or function desired at that point in 
the operation sequence. The coded pulses are mixed with 
the stop and start codes generated by the first three tubes 
of the ring counter and passed to an amplifier which in turn 
controls the transmitting relay. On the contacts of this 
relay appear normal teletype pulses used for control of the 
telephone-line circuit connecting to the printer. Although 
a mechanical transmitter could be used in place of the elec- 
tronic transmitter outlined, the need for auxiliary control 
pulses to operate other electronic equipment makes an elec- 
tronic pulse generator more desirable than a mechanical 
one. This is due to the difficulty of obtaining mechanical 
contacts with no chatter or bounce. An electronic pulse is 
derived from the tube which generates the fifth code im- 
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pulse to operate a relay which in turn steps the master switch 
and in addition provides a pulse to step the print-sequence 
control. 


Print-Sequence Control. ‘The print-sequence control oper- 
ates in a manner analogous to that of the transmitter. 
However, it contains only five counters in the ring instead 
of eight. It is triggered by the pulses received from the 
transmitter. These pass through a control circuit (operated 
by the master switch) before reaching the print-sequence 
tubes in order that operation can occur only during the 
printing interval. Figure 4 shows a block diagram of the 
essential features. As the ring counter steps, various auxil- 
lary conditions are controlled. ‘The blank interval is pro- 
vided to permit time for the measurement. If three digits 
are to be printed the tubes of the 100’s mixer are energized. 
The next step energizes the 10’s mixer, the fourth step ener- 
gizes the 1’s mixer and also the auxiliary relay, which ener- 
gizes the coil of the circuit-selector stepping relay. In the 
fifth step the circuit-selecting relay moves to the next posi- 
tion. At the instant the print sequence is transferred to the 
first step, a pulse is transmitted to the step voltmeter, giving 
the command to make a measurement. 

The Step Voltmeter. ‘The actual measurement is performed 
during the blank interval of the print sequence by the step 
voltmeter, shown in the block diagram of Figure 5. On re- 
ceipt of the count command pulse from the print sequence 
control, a pulse is generated by the pulse shaper which in 
turn causes the time delay tube’ to function. The time delay 
tube does two things. It starts a phantastron,’ and it also 
operates the oscillator contro] tube to hold the oscillator in 
an off position. At the end of the delay interval the oscil- 
lator contro] tube turns on the oscillator. Meanwhile, the 
phantastron has been started, and it runs for a time interval 
determined by the d-c signal voltage applied to its plate. 
It operates through an amplifier to turn the oscillator con- 
trol tube off. As the oscillator runs, a number of pulses will 
be generated proportional to the voltage being measured. 
The zero set is a voltage introduced into the phantastron to 
permit its running time with no signal to exactly equal the 
time-delay interval, and thus, with no signal, the oscillator 
never starts. 


Counting and Number Mixer. The pulses obtained from the 
oscillator are counted by four-tube binary counters arranged 
in decades. As many decades are provided as are required 
by the digits needed. Figure 6 indicates the general ar- 
rangement. The number mixer permits the selection of 
the proper digit as commanded by the print-sequence con- 
trol and, in addition, as determined by the count existing in 
the selected decade of the counters. Voltages from the 
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mixer operate through the number-mixer amplifier to oper- 
ate the number-mixer relays. It can be readily seen that 
with four relays ten possible contact arrangements can be 
provided. ‘These contacts therefore set up the teletype 
codes required for each digit from one to zero. Figure 7 
shows the relays operated for each number from zero to nine. 


Arrangement of Components. A complete machine is 
shown in Figure 8. This machine, in addition to perform- 
ing the functions outlined previously, also will accumulate 
totals, shift ranges, and print on two machines. 
chines were required since the user desired more columns 


than were available on one machine. This can be carried 


Two ma- 
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as far as desired. In the rack from top to bottom are lo- 
cated a control panel, the tube circuits, the transmitting re- 
lays, the circuit selecting relays, and the power supply. 
Although the teletype machines are shown alongside the 
rack, they may be located at any distance provided a satis- 
factory communications link is used for interconnection. 
A section of one of the log sheets obtained from one of the 
machines during a test period is shown as Figure 9. The 
machine was designed to read current in the outgoing lines 
of a distribution center and to accumulate totals for zone 
loads. The vertical columns are the readings in tens of 
amperes for a given line or total and the horizontal readings 
were made automatically once each half hour. In this par- 


Figure 7. Relays oper- 
ated from each number 
from zero to nine 


MASTER SW. 
MASTER SW. 


SPACING 


ticular case the form for the log sheet is preprinted. Ap- 
proximately 20 vertical columns can be printed on a page. 
Such features as automatic page advance at the end of the 
day can be readily obtained. ‘These readings were made at 
the control center of the supervised distribution substation. 

The usefulness of this instrument is most apparent on any 
continuous flow processes, such as electric power generation 
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Figure 8. Rack and transmission, gas transmission, oil storage or trans- 
and two printers mission, steel making, paper making, oil refining, chemical 
Produce nay ooh processes, and so forth. A portable type can be used in 
umns with totals ; ; : 5 i 
Eta testing new installations. The readings of many different 
quantities related to the process such as time, temperature, 
Pe ona ra pressure, flow, voltage, current, counting, integrated flows, 
eed wecniolt pote and so forth, may all be assembled in a related manner on a 
the tube circuits, the single instrument and on a single log sheet. The record 
transmitting relays, may be made at the most essential point whether feet or 
the circuit selecting piles intervene. It is particularly useful in those opera- 
relays, and the power +44. which are fully automatic or where the man power 
supply. Teletype ma- et Mars ; 3 ae E 
Fares diene which is available is low, or where it is desirable to lower 
may be located at the man power. 
remote point The use of this instrument permitting the elimination of 
the human element results in a more accurate and legible 
record. All readings are taken as scheduled either by clock 
contacts or by some element of the process whether or not 
the operator is busy on other duties. 
Where records are used in more than one office for vari- 
ous purposes the instrument will produce up to 20 good 
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Rectifiers for Electronic D-C Motor Drives 


M. J. MULHERN 
ASSOCIATE AIEE 


HE USE of rectifiers for d-c motor control is a natural 
BL beescictinen: because of their ease of control, high 

speed of response, and use of all static components. The 
economics of d-c motor drive applications showed that 
550 volts direct current would give the best return. Stand- 
ard rectifier equipment has been developed which delivers 
550 volts direct current directly from a 460-volt 3-phase 
power system by using a 3-phase double-way (full-wave) 
rectifier power circuit. The majority of d-c motor drive 
applications can be supplied from 150-kw, 300-kw, or 
500-kw power units. 

The basic elements of a typical electronic d-c motor drive 
system are shown in the one-line diagram of Figure 1. 
The a-c tie breaker allows the equipment to be operated 
from either of the two secondary a-c feeders. ‘The d-c 
motor switches permit selection of different motor and 
rectifier combinations. A complete installation generally 
consists of one or more pairs of units connected in this 
manner. 

Conduction in the sealed ignitron tubes is initiated once 
during each cycle by the firing of the ignitor, which estab- 
lishes a cathode spot on the mercury pool. ‘The conducting 
period of the tube will be reduced if the ignitor firing is 
delayed in time for an appreciable part of one-half cycle. 
The average value of the direct voltage output is corre- 
spondingly reduced. ‘Thus the direct voltage is a function 
of the angle of phase retard of the ignitor firing. 

The principal requirements of a d-c motor drive are 


1. The armature voltage must be continuously adjustable from zero 
to maximum voltage. 


2. The armature voltage be regulated. 


3. The time of response in regulating be small compared to the 
inertia effects in the load. 


These requirements are met by four groups of circuits. 
These are 


1. The ignitor and excitation anode circuits. 
2. The variable phase-shifting network. 

3. The fixed phase-shifting circuit. 

4, The amplistat and its signal circuits. 


The ignitor circuit consists of a static-magnetic firing 
circuit which provides a high-voltage firing pulse once 
each cycle for each ignitor. The excitation anode and its 
circuit maintains the cathode spot which has been estab- 
lished by the ignitor. | 

The phase-shifting network shifts the phase of the input 
voltages to the ignitor and excitation anode circuits. This 
network provides a constant voltage output over the full 
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phase-shift range so that the performance of the firing cir- 
cuits is not affected. 

The fixed phase-shift transformers are adjusted to bring 
the ignitor pulses into proper phase relation with their 
respective tube anode voltages. 

The amplistat circuit is a magnetic amplifier reactor and 
its associated signal circuits. ‘The output of the amplistat 
is a control current which varies the actual angle of phase 
shift of the excitation voltages. The amplifier circuit has 
extremely high gain and over-all characteristics similar to 
an electronic amplifier or an amplidyne unit. The ampli- 
stat has been selected for this type of rectifier equipment 
because it has physical and electrical characteristics similar 
to the firing circuit and phase-shifting circuit components. 
It uses static components and it has no filament. Thus 
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Figure 1. Typical electronic d-c motor drive system 


it is possible to build into all portions of the excitation 
system the same degree of reliability and freedom from fre- 
quent component replacement and wear. 

The voltage-regulating requirement is met by the use of 
a closed-loop regulating system. The closed loop includes 
the power rectifier d-c circuit, the amplistat, the phase- 
shifting network, the excitation circuits, and back-to-the- 
power rectifier d-c circuit. The loop provides a continuous 
regulating function at any value of the power rectifier 
direct voltage. 
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System Performance With Motor-Driven Exciters 


A. G. MELLOR 


ASSOCIATE ATIEE 


HE MOTOR-DRIVEN exciter set consists of an in- 

duction motor directly driving an exciter, with, usually, 
added flywheel inertia. The exciter set may be one of a 
number of station auxiliaries on a bus which derives its 
power from either the main generator terminals through 
a transformer, from the external system through a trans- 
former, or from a separate house generator (Figure 1). 
Under normal operating conditions or under emergency 
conditions resulting from the failure of an auxiliary power 
supply it may be necessary to transfer the station auxiliaries 
from one bus to another. 

Calculations were made to determine the effect of exciter 
set and system parameters on the permissible throw-over 
time of the exciter motor from one power source to another 
and on the maximum permissible clearing time of a 3-phase 
short circuit at or near the main generator terminals. Dur- 
ing these critical periods, excitation requirements are main- 
tained by the field flux linkages of the generator field and 
the inertia of the exciter set, and permissible times are deter- 
mined by the ability of the generator to retain stability with 
the system. Power input to the exciter motor was zero dur- 
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Figure 1. Line diagram of system indicating application of 


motor-driven exciter set 


ing both the throw-over and fault periods and was deter- 
mined by the terminal recovery voltage of the generator 
after the completion of throw-over and fault clearing. 

The maximum permissible throw-over time of a motor- 
driven exciter set with and without added inertia varies de- 
pending upon the initial operating conditions, the system 
parameters, and the type of main generator voltage regu- 
lator, as follows: 


1. Without added inertia—1.5 to 6 seconds with H=1.75. (H, in 
kilowatt-seconds per kilovolt-ampere, = 0.231 WR2[rpm ]?X10~® /base 
kilovolt-amperes 


2. With added inertia—4 seconds to at least 10 seconds with total 
H of 5; 8 seconds to at least 10 seconds with total H of 10. 


Appreciable gain in throw-over time is attained with: 


1. Added exciter-set inertia; decreasing gain results with additional 
increases in inertia. 


2. Increase in the size of the system (lower system reactance) con- 
nected to the main generator. 
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3. Increase in the size of the main generator with the resulting in- 
crease in open-circuit field time constant. 


4. A unity or leading power factor load on the main generator 
(generator under-excited). 


5. A high torque characteristic of the induction motor of the exciter 
set. 


For short throw-over times, system steady-state conditions 
are best maintained with the generator operating under- 
excited and with regulator action. 

For the short-circuit case, the following conclusions are 
reached: 

1. Short-circuit clearing times of one to two cycles less than the 


critical switching times, based on constant generator field flux linkages, 
are possible for most conditions of operation. 


2. Longer permissible switching times result with increase in the 
size of the system connected to the main generator and with main 
generators of higher inertia factors. 


3. Slightly longer permissible switching times result with additional 
exciter inertia, voltage regulator action, and smaller loads of lagging 
power factor. 

The emergency power transfer differs from a planned 
transfer where a synchronizing of the two power sources 
occurs and at no time is the exciter motor without power. 
The minimum time for an emergency throw-over is about 
one-half second and is determined by the ability of the 
mechanical switch in making the throw-over. This 
minimum time can impose a heavy, but safe, duty on the 
induction motor due to the trapped flux in the motor. 
Normal emergency throw-over times are generally between 
one and two seconds. ‘This study indicates that for these 
throw-over times a very substantial margin in stable system 
performance exists with the use of a special design of motor- 
driven exciter set with an inertia constant H of 5 and a 
maximum torque of about 325 per cent of rated torque. 
This exciter set does not require a shorter throw-over 
time than any other essential station auxiliary. The 
high torque characteristic of the induction motor enables 
satisfactory system performance to be obtained with voltage 
at the motor terminals as low as 70 per cent of the normal 
voltage, both on steady state and on re-energization after 
throw-over. 

For a 3-phase short-circuit fault at or near the generator 
terminals, the maximum permissible switching time with 
this exciter set closely approaches the actual critical switch- 
ing times which vary between 11 and 20 cycles for most 
operating conditions with rated kilovolt-ampere output 
from the main generator. Practical switching times are 
generally below ten cycles. 
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N THE FIELD of dynamics, problems concerned with 
aircraft motion are noted for their complexity. The 
ordinary differential equations which generally can be used 
to characterize the problems commonly are of order be- 
tween 20 and 30 and, unless drastic assumptions are made, 
contain many nonlinear terms. Important nonlinear 
effects are introduced by the trigonometric effects associated 
with the motion of a rigid body with six degrees of freedom 
as well as by the nature of the aerodynamic forces and mo- 
ments acting upon the aircraft. Also, if the aircraft is 
controlled automatically, the nonlinear properties of the 
controlling equipment are significant. The complexity of 
the problems is such that computing machines are required 
for their solutions. 

Because of the fact that no machine was available well 
adapted to handle problems in this field, a generalized ana- 
logue computer has been developed for particular appli- 
cation to the solution of this type of problem. The machine 
is known as a flight simulator; however, in order to handle 
the diverse nature of aerodynamic problems, the computer 
had to be of such scope and flexibility that it is expected to 
have applications to other problems in the general field of 
dynamics. 

The flight simulator was designed to apply specifically to 
aircraft problems of two general types: those problems that 
can be adequately represented by ordinary nonlinear differ- 
ential equations with time-varying coefficients; and aircraft 
stabilization problems in which the control equipment is 
available and requires test, but the mathematical repre- 
sentation of which is either unknown or highly complex. 
The computer is arranged to handle problems ot the first 
type in much the same way as existing differential ana- 
lyzers. Problems of the second type are studied by employ- 
ing an auxiliary device known as a flight table that orients 
the control equipment in a fashion similar to that occurring 
in actual flight. Signals from the control equipment are 
connected into the computer in a way analagous to that in 
which it is used in flight, thus permitting the control equip- 
ment to be tested under circumstances almost identical with 
actual flight conditions. Use of the simulator to test actual 
aircraft control components requires that it operate on a 
one-to-one time scale. Thus, if a particular phenomenon 
requires two seconds to occur in flight the same phenom- 
enon must be computed by the machine in two seconds. 
The rapidity of occurrence of many flight motions required 
that special attention be paid to the speed of operation of the 
computer. 

The variety of problems requiring solution led to the 
choice of an electric computer primarily to gain flexibility 
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but also to obtain the necessary computing speed. The 
computer is of the a-c type, and dependent variables in the 
mathematical equations being studied are represented in 
the machine by 400-cycle-per-second voltages. The 
amplitude of the voltage is proportional to the magnitude of 
the variable being represented, and the phase of the voltage 
is either zero or 180 degrees depending upon the sense of the 
variable. ‘The use of a-c signals in the machine provided 
freedom from grounding difficulties and permitted trigono- 
metric transformations to be handled readily. Considera- 
tions such as speed of computations determined the fre- 
quency employed, and 400 cycles per second seemed to be 
the lowest frequency feasible. Phase shift in the signals was 
troublesome, and it was necessary to limit the phase shift 
introduced by each element of the computer to 0.05 degree. 
In addition, it was necessary to make use of quadrature re- 
jection circuits. 

The high speed of computation needed and the large 
number of effects that required representation made it neces- 
sary to develop almost all the various types of computing 
components used in the machine. ‘These include summing 
networks, repeater amplifiers, multipliers, integrators, vector 
resolvers, and arbitrary function generators. Accuracy 
specifications on each computing element of 0.1 per cent of 
full scale output were met. ‘The time constant associated 
with the operation of each computer element is about one 
millisecond except for operations such as summation and 
multiplication by a constant where, because of the frequency 
of occurrence of these operations, the time constant had to 
be well below 0.1 millisecond. 

When the simulator is used to test flight control compo- 
nents, a servo-driven table must be employed to orient those 
components of the control system that respond to angular 
motions of the aircraft. The table that simulates the air- 
craft motion is called the flight table, and its design and 
characteristics are important considerations in the analogue 
computer. When the complete flight problem is studied 
the table must have three degrees of freedom in order to 
simulate the pitch and yaw as well as the roll motion of the 
aircraft. 

The analogue computer has been in operation for about 
one year and has been used largely on trajectory problems 
although some aircraft stability problems have been solved. 
In the year’s operation over 5,000 solutions to trajectory 
problems and several hundred solutions to stability prob- 
lems have been computed by the machine. The problems 
were such that each solution would require 100 to 1,000 
hours to solve manually with a desk calculator. A typical 
stability problem required 9 integrators, 10 vector resolvers, 
20 summing networks, 20 multipliers, 30 coefficient poten- 
tiometers, and 70 repeater amplifiers. 

Operation thus far has proven the value of the simula- 
tor to aircraft dynamics and related problems. 
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ATE IN 1948 construction was completed on a new 
 flectrica Engineering Building for the University of 
Washington, Seattle. 
lion dollars, the building is a true example of functional de- 


Built at a cost of nearly one mil- 


sign in every respect. It consists of three full floors with a 
total area of approximately 60,000 square feet. 

The first floor is completely occupied by two major ma- 
chinery laboratories, an in- 
dustrial control laboratory, an 
oscillograph laboratory, a 
measurement laboratory, the 
upper level of an impulse gen- 
erator laboratory, and various 
shops. ‘These are all located 
about a large central meter 
room. The extra width of 
the building required for the 
machinery laboratories was 
provided on this floor bya can- 
tilever beam ceiling construc- a 
tion which leaves a continuous row of windows on each side 
without column breaks. ‘The two floors above narrow down 
to the standard economical width of a central corridor with 
a classroom on each side. 

The radio and communications laboratory is located on 
the second floor with its own meter room. Communication 
between the two meter rooms is provided for by a spiral 


stairway and a dumb waiter. Various research rooms are 
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In April 1947 the University of Washington 
began construction on a new Electrical Engi- 
neering Building. The building itself was 
completed late in 1948 and the task of con- 
structing and installing the equipment used for 
instructional purposes has been essentially 
accomplished. Features of the new buildings 
are the two major machinery laboratories and 
the radio and communications laboratory. 
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also located on this floor. All power for the second floor is 
distributed from the radio laboratory switchboard. 

On the third floor are located a transmission-line labora- 
tory and an illumination laboratory, in addition to more 
research rooms. Power for all rooms on this floor is distri- 
buted from the transmission-line room switchboard. 

Each staff member is assigned a private office measuring 
about 9 feet by 14 feet and the 
majority of the 22 offices are 
located at the front side of the 
building with an unobstructed 
view of Lake Washington 
and the Cascade Mountains. 
These offices face an open- 
end Engineering Quadrangle 
flanked on one side by the new 
Civil Engineering Building 
and soon to be flanked on the 
other by a new Mechanical 
Engineering Building. In ad- 
dition to 12 classrooms, the Electrical Engineering Building 
has a modest size library and study room, a staff conference 
room, and a student activities room. 

The upper floor switchboards are fed from the first-floor 
main power laboratory switchboards through 20-inch-thick 
hollow concrete block walls along each side of the corridor. 


R. E. Lindblom is Professor of Electrical Engineering, University of Washington, 
Seattle, Wash. 
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The second and third floor switchboards are accessible for 
either front or rear servicing, since they are mounted di- 
rectly in the hollow wall and are equal in depth to the wall. 
The hollow walls also serve for the ventilation ducts. 

Water, air, gas, and electrical service to both second and 
third floor rooms is available through two large panel- 
covered conduit ducts located in the ceiling of the second 
floor. These ducts run the full length of the building. 
Holes in the second floor ceiling directly above the duct give 
access to all rooms on the third floor so that present class- 
rooms may be converted to laboratory or research rooms. 

A partially excavated basement area provides for the 
lower level of the impulse generator laboratory, a large stor- 
age area, a building service room, a combined generator and 
transformer room, and a battery room. A penthouse faces 
out on the roof where provision has been made for mounting 
various radio towers. A 3,200-pound-capacity freight ele- 
vator goes to all floors. 

A separate 2,300-volt supply branching off from the main 
line into the building fur- 
nishes all power for experi- 
mental work. ‘This line 
feeds into the basement gen- 
erator and transformer room, 
which is centrally located di- 
rectly under the first-floor 
power laboratory 
switchboards. 

Two 75-kva 3-phase air- 
cooled delta-delta-connected 
transformer banks step volt- 
age down to 110 and 220 
volts, respectively. Each 
bank is grounded at one 
corner of the delta on the low 
side. ‘Two identical 3-unit 
motor-generator sets pro- 
vide 3-wire 125—250-volt di- 
rect current to the d-c and 
a-c power laboratories, re- 
spectively. The driving 
motors are rated 150 horse- 
power, 2,300 volts, 1,800 
rpm, and are push-button- 
controlled from the first floor 
switchboards. The genera- 
tors are each rated 50 kw, 
125 volts. An auxiliary 3- 
unit motor-generator set is 
available for standby use, 
and the circuits are so ar- 
ranged that the entire build- 
ing can be supplied, if nec- 
essary, from this source. In- 
terlocking switches prevent 
parallel connection of gener- 
ators. A 500-volt d-c gen- 
erator is also located in the 
generator room and is push- 
button controlled on the first 
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floor switchboard. By means of transfer leads going to all 
laboratories in the building, this power may be trunked to 
any location. A tap into the field circuit enables voltage 
control at the point of use. 

Figures 1 and 2 show the d-c and a-c power machinery 
laboratories, respectively. Space is provided for 14 work- 
ing parties in each laboratory. Two spaces are considered 
as standby, which would normally leave 12 available for use. 
With three persons per party, it is thus possible to handle 
two classes of 18 students each simultaneously. 

In the d-c power laboratory a standard set of four ma- 
chines is available to a working party. Two of these are 
identical 5-kw 125-volt compound-wound d-c generators; 
the third machine is a 20-horsepower 230-volt d-c motor, 
and the fourth machine is a 5-horsepower 115-volt d-c series 
motor. By means of special coupling devices all machines 
may be coupled as desired. With this set of four machines 
practically all types of experiments on d-c machinery can 
be performed. The machines, all mounted on a common 


The d-c power machinery laboratory 


— 


Figure 2. The a-c power machinery laboratory 
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base, have their leads terminated at a test panel as shown in 


Figure 1. These stations are back to back and the space 
between is utilized for mounting four loading units that are 
available, two to each test panel. Mounted also on the 
test panel are power outlets from the main switchboard, con- 
trol switches, and starting box terminals. Leads for mak- 
ing power and meter connections are stored in a rack that is 
mounted under the windows between test panels. 

In the a-c machinery laboratory, shown in Figure 2, three 
machines are available to each working party: an 11-kva 
a-c generator, a 15-horsepower d-c motor, and a 7!/2-horse- 
power induction motor. 

Alternate test panels have wound-rotor induction motors 
while the others have squirrel cage rotors. ‘The a-c gener- 
ators have double terminal boards. One of these is wired 
so that various circuit arrangements can be made accord- 
ing to a nearby mounted diagram. The second terminal 
board is exposed when the first one is turned down, and its 
connections are scrambled for use in a phasing-out experi- 
ment. The a-c machinery laboratory test panels are 
longer than those of the d-c laboratory because of the need 
for three loading units at each station when doing certain 
3-phase experiments. Figure 2 shows how additional 
switches, field rheostats, synchroscopes, synchronizing 
lamps, voltage regulators, frequency meters, and so on may 
hang from the corner of the test panel (see station 5). 

Special equipment such as rotary converters, rototrols, 
amplidynes, and apparatus that is less often used is mounted 
on casters and stored in the basement when not in use. 

Two special motor-generator sets located in the battery 
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Figure 3 (above). The radio and communications laboratory 


Figure 4 (left). 


Close-up of radio and communications laboratory 
working station 


room are controlled from a panel in the machine shop for 
charging batteries. One is 40 volts, 150 amperes capacity, 
and the other is 150 volts, 40 amperes capacity. These 
sets are normally used for charging a 32-volt lead battery 
and a 125—250-volt Edison battery, but by transfer circuits 
their outputs may be trunked to any place in the building. 

Figure 3 shows the radio and communications laboratory 
on the second floor. Special equipment built for this labo- 
ratory consists of ten working stations built back to back as 
shown in Figure 4. Standard-size removable panel units 
can be installed to provide all types of voltage supplies and 
testing equipment needed in communications experiments. 

Figure 3 clearly shows the ceiling conduit duct mentioned 
previously. The 20-inch-thick hollow corridor wall is also 
plainly indicated. The switchboard front is flush with the 
inside wall. All switchboards, as well as test panels, are 
lighted by fluorescent lamps. The main lighting is by in- 
direct 500-watt units. In the two machinery laboratories 
the total ceiling lighting requires 50 kw. All laboratories, 
offices, and classroom ceilings are acoustically treated. 

An outstanding feature of the building’s construction was 
the fact that the entire design, construction, and installation 
of all electric equipment used for educational purposes was 
given over to the Electrical Engineering Department. 
This assignment involved the design of all switchboards, 
conduit ducts, testing panels, and machine sets. With a 
working fund of $70,000 available, $50,000 of which was 
used in the purchase of the main switchboards, the main 
motor-generator sets, and 35 machines, materials were pur- 
chased for completing the job. All equipment such as test 
panels, conduit ducts, loading units, lead racks, and machine 
bases were fabricated in the department’s own shops. More 
than 6,000 feet of 2-inch conduit were used and more than 
100,000 feet of wire were pulled in and connected. 
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| Bees the induction generator has many advan- 
tages, it is desirable to consider what changes must be 
made, if any, in order that an induction motor may be 
operated satisfactorily as a generator. If the speed is 
driven above synchronism by the same number of revo- 
lutions that the machine normally operates below synchro- 
nism, the generator will deliver approximately rated cur- 
rent at rated voltage and rated efficiency. The electric 
power output will equal approximately the rated shaft mo- 
tor power. ‘The generator power factor will equal approxi- 
mately the motor power factor times the motor efficiency. 

The equivalent circuit, shown in Figure 1, has been de- 
veloped to compute generator characteristics. It shows the 
stray load branch correctly represented for both motor and 
generator operation. 

The conductance of the load and friction component is 
G,= s/R,(1 — s), where R2 is approximately Rpo(1+|s|/9). 
The conductance of the stray load component is G, = 
G3(s?+ Y,2R,?). 

The power lost in Ry is P2=J,?Ro. 
is P,=1,°G,/(G,+G,)*._ The motor power delivered to G, 
is P,=1,°G,/(G,+G,)?. The air-gap torque, which is P, 
divided by the speed, can be conveniently separated into 
two components: T=P,G,/s(G,+G,)—P,/(1—s). The 
first is the slip-frequency torque produced by the rotor resist- 
ance loss. It is reduced slightly by the ratio of the useful 
G, to the total rotor G. The second term is the stray-load 
torque, which is associated with the actual rotor speed, and 
not with the slip speed. It is negative because it acts as a 
magnetic drag on the rotor, similar to a windage torque. 
Above synchronous speed, both terms are negative. 

The approximate gross changes when using a 1,000- 
horsepower class-A induction motor as a generator can be 
followed with the aid of the equivalent circuit shown in 
Figure 1, and the approximate vector diagram in Figure 2. 
The primed symbols refer to full-load motor operation, and 
the double-primed symbols to full-load generator opera- 
tion. The terminal voltages, V,’ and V,”, are equal in mag- 
nitude, but are shifted in phase with reference to the in- 
ternal generated voltage. Figure 2 is drawn for equal 
rotor currents, so that J,’ and J,” are equal in magnitude, 
and 6,” is equal to 64’. 

It can be seen that the motor-generated voltage is less 
than the terminal voltage, whereas the generator internal 
voltage is greater than the terminal voltage by the current- 


The power lost in G, 


Figure 1. Exact GR RIS) 
equivalent circuit Gc 
for calculating the 
characteristics of a 
synchronous motor 
operated as a gen- 
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impedance drop in the primary. Therefore, in changing 
from motor to generator action, the internal flux will in- 
crease, because the generated voltage has increased in mag- 
nitude by twice the in-phase component of the primary 
voltage drop. This is shown in Figure 2. Since for the 
same rotor current the generator flux is greater than the 
motor flux, slightly less slip is required. 


—s"/s'=1—2s' 


The generator stator current is slightly less than for motor 
action, because it is reduced vectorially by two times the 
stator core loss current. Because of small angle shifts in the 
voltage vectors (not shown in Figure 2), the actual current 
change is only one-half of this approximate value. 
[,"/I,'=1—cos(@-+n) [cos (:’+2n) ]2Io/li’ 

I,/@ is the line current at synchronous speed. 


N'/61' is the line current for full-load motor operation. 
n=0.87 R,/X, radians. 


The effect of all these changes is to give a net increase in 
the magnitude of the losses when shifting from motor to 


Figure 2. Approxi- 
mate vector diagram 
of a _ synchronous 
motor operated as 
a motor and a 
generator 


GENERATOR 


Small details are greatly 
exaggerated 


generator action of only two per cent of the losses for a 1,000- 
horsepower generator (five per cent of the losses for ten 
horsepower). The cooling, however, due to the increased 
speed, is approximately three per cent greater (six per cent 
for ten horsepower), and therefore the temperature rise is 
essentially the same or slightly less, for equal rotor currents. 

The shaft torque is proportional to the square of the rotor 
current and inversely proportional to the slip. The speed 
increase due to the change in action is twice the slip. The 
generator power input is the product of the shaft speed and 
torque. 

If operated at nameplate terminal current, the generator 
rotor current and the total losses would increase measur- 
ably, but the cooling of the generator would only in- 
crease slightly. The temperature would go up quickly, so 
that previous knowledge of the correct operating current is 
extremely important for proper operation. 
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NSULATION levels for transformers and circuit break- 
ers for high voltages, to be economical, should be 
selected so that basic impulse insulation levels are as low as 
are feasible. Presently recognized basic insulation levels 
are too conservative for the grounded-neutral higher voltage 
systems. Available levels should be of such values that the 
user can select a level that is practical and economical for his 
system. If wide gaps exist between available levels, the 
user may find it to his economic advantage to depart from 
standards. 
It is logical to base insulation levels on the levels to which 
a protective device, such as lightning arresters, can limit 
lightning surges. In order to provide such an application, 
the user must determine the nature of transient voltages 
that occur on his system and the probability of such tran- 
sients resulting in failure of station equipment or of the pro- 
tective devices. The minimum insulation level to which 
station equipment can be designed using lightning arrester 
protection includes the following requirements: 


1. A margin between the voltage rating of the system (line-to-ground 
for grounded-neutral equipment) and the voltage rating of the 
lightning arrester. 


2. The voltage difference between the lightning arrester rating 
(converted to crest voltage) and its surge discharge voltage (protective 
level). 


3. A margin between the protective level of the lightning arrester 
and the insulation level of the equipment. 


In order to arrive at an adequate but not excessive margin 
for the first item, the user must balance a degree of risk with 
the cost of equipment. There may be instances where it 
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Figure 1 (left). Voltage waves at station end of line caused 
by a surge a mile away from the station with and without a 
station-type lightning arrester in the circuit 


Figure 2 (right). Voltage and current of a lightning arrester for 


a test similar to that of Figure 1 


438 


Rorden—Insulation Levels Governed by Lightning Arresters 


is considered a good risk to reduce this margin to the point 
where occasional lightning arrester failure can occur if basic 
insulation levels can be reduced in proportion with propor- 
tionate saving in first cost. 

The second item is fixed by lightning arrester character- 
istics, and any increase in insulation levels that may be nec- 
essary because of this difference must be charged to the 
use of lightning arresters as the basis for establishing insu- 
lation levels. ‘The third item provides an estimated margin 
of protection to insure against unknown hazards. 

Stations of the Bonneville Power Administration trans- 
mission system are protected from direct strokes with ground 
wires extending a mile on 230-kv lines and one-half mile on 
115-kv lines. Station equipment is not expected to be sub- 
jected to direct strokes, and lightning arresters are used in 
the larger stations to provide a protective level for traveling 
waves due to hits on the conductor beyond the protective 
ground-wire area. Such surges are limited by the insu- 
lation level within the ground-wire area so that the current 
in the most severe surges that reach 230-kv equipment can- 
not exceed about 3,500 amperes. 

With reduced insulation levels, it is imperative to know 
the protective levels that will be provided by protective de- 
vices for conditions on the system to which they are applied. 
Therefore, tests of lightning arresters were conducted by the 
Bonneville Power Administration for which the laboratory 
facilities of the Ohio Brass Company were leased. A mile- 
long line was constructed for these tests in order that surges 
might be applied approximating conditions that exist on 
the Bonneville system. Tests were made on assembled sta- 
tion- and line-type lightning arresters for 115-kv grounded- 
neutralsystems. Station-type lightning arresters had a seal- 
off voltage rating of 97 kv, and the line-type 90 kv. 

Figure 1 illustrates the voltage wave recorded at the open 
(station) end of the line from a surge impressed on the line a 
mile away, as well as the voltage level to which a station- 
type lightning arrester limited this surge. For conditions on 
the Bonneville system it is apparent that this 80 per cent 
arrester could adequately protect a basic insulation level of 
80 per cent of the full-rated level for 115-kv service (full 
rated basic insulation level=550 kv; 80 per cent=440 kv; 
lightning arrester protective level=350 kv). If ratings 
can be reduced, basic insulation levels can be reduced in 
proportion with a proportionate savings in first cost. 

Figure 2 illustrates the voltage and current of a lightning 
arrester for a test similar to that of Figure 1. The current 
reaches its crest in about two microseconds indicating that 
for tests of this nature traveling waves are more severe than 
the 10/20 current waves of present standards. 

Digest of paper 50-14, “Lightning Arresters as a Criterion for Insulation Levels,” rec- 
ommended by the AIEE Protective Devices Committee and approved by the AIEE 
Technical Program Committee for presentation at the AIEE Winter General Meeting, 
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ESTS on rectifier mo- 

tive power equipment 

which have been an- 
nounced recently! constitute 
a very important develop- 
ment in the electrification of 
steam railroads. Not only 
does this development mark 
another important step of 
progress in the use of electric 
energy as motive power on railroads, but it forms another 
practical demonstration of the inherent flexibility of the 
single-phase a-c system for railroad electrification. 

The chief advantage of present d-c electrifications lies 
in the use of d-c series traction motors on the motive power 
units. 

The fundamental advantage of the single-phase a-c 
system is its ability to use a high-voltage trolley wire, 
thus making it possible to supply, economically, large 
blocks of power over long distances for heavy concentrations 
of traffic. 

Three types of motive power units have been built to 
operate from an a-c system, namely, the a-c series-motor 
type, the split-phase type, and the motor-generator type. 

The a-c series-motor motive power unit is well adapted 
to any application. The best present-day examples of 
a-c series-motor locomotives are the Pennsylvania Railroad 
Class GG7 and the New York, New Haven, and Hartford 
Railroad Class EF3. Although these locomotives are 
officially rated at 4,620 continuous horsepower, each can 
deliver from 8,000 to 9,000 maximum horsepower if 
occasion arises. ‘These ratings are outputs at the rail. 
Output which is in excess of the continuous rating can be 
delivered at the rail over the entire speed range of the 
locomotive. 

Another important asset of the a-c series-motor motive 
power unit lies in the simplicity and flexibility of the 
locomotive control system; that is, voltage control, which 
means a minimum of accelerating losses, a minimum peak 
power demand, and a very large number of running speeds. 

The motor-generator motive power unit combines all 
the advantages of the flexible high-voltage single-phase 
a-c trolley system and the advantages of the d-c traction 
motor with the simplicity and flexibility of voltage control, 
but it does not have the ability to produce economically 
high short-time accelerating horsepower at high speed 
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Rectifier-type motive power is becoming more 
and more important in railroad electrification. 
Through its use, advantage can be taken of 
high-voltage trolley wires to transmit large 
quantities of power long distances. 
fier motive power unit has simplicity and 
flexibility of voltage control and high accelerat- 
ing horsepower at high speed. 
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since the best proportions 
of the motor-generator set 
produce a motive power unit 


with constant horsepower 
The recti- characteristics. The rectifier 
motive power unit com- 


bines all the advantages of 
the high-voltage a-c trolley 
system with the simplicity 
and flexibility of voltage con- 
trol plus the Ravan of the d-c traction motor, and 
it has the ability to develop high accelerating horsepowers 
at high speed even more economically than is possible 
with the a-c series-motor motive power unit. 

Thus, the rectifier motive power unit furnishes an 
attractive means of utilizing the power which can be 
delivered to it by a flexible high-voltage single-phase a-c 
trolley. 

The advantages of rectifier motive power are summarized 
in the following tabulation: 


I. RECTIFIER VERSUS SINGLE-PHASE SERIES-MOTOR 
MOTIVE POWER 


A. The rectifier motive power unit has the following 
advantages on a 25-cycle trolley system. Some of these 
advantages will be increased if a 60-cycle trolley system 
is used. 


Lower weight of equipment. 


Less space required for equipment. 


1 
2 
3. Higher running efficiencies and less standby losses. 
4. Higher power factor. 

5 


Less maintenance. This point must be proved in service. 
However, the higher efficiency (which means less watt hours per 
ton mile) plus the reduced maintenance of the traction motor and 
gearing should easily overbalance the added maintenance of the 


rectifier equipment. 


6. Superior tractive effort rating and tractive effort characteristics. 
Westinghouse standard diesel locomotive motor type 370-F with 
15/63 gearing on 42-inch wheels (65 miles per hour top speed) will 
develop 10,700 pounds tractive effort continuously up to 17.5 miles 
per hour. This is a much greater tractive effort and a higher speed 
than is possible with an a-c series motor. The speed-tractive effort 
characteristics of the rectifier motive power unit are similar to the 
speed-tractive effort characteristics of a motor-generator locomotive 
(they are flat) and hence should have the same antislip features now 
enjoyed by the motor-generator locomotive. The rectifier motive 
power unit can be applied safely at higher adhesions than is per- 
missible for a-c series-motor motive power. ‘The net result of these 
tractive effort advantages means that fewer axles will be needed for a 
rectifier motive power unit to meet a given duty cycle than will be 
needed for the single-phase series-motor motive power unit. 


7. Rectifier motive power will develop its continuous horsepower 
rating at approximately 30 per cent of its top speed, whereas most 
a-c series-motor motive power units do not develop their continuous 
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horsepower rating until they reach 50 to 60 per cent of.top speed. 
This characteristic plus its ability to produce economically high 
accelerating horsepower at high speed makes rectifier motive power 
ideally suited for use either in freight or passenger service. 


B. The rectifier motive power unit can be used under 
a 60-cycle trolley. 


C. The rectifier motive power unit can be used inter- 
changeably between two trolley zones involving: 


1. Two frequencies, 25-cycles and 60-cycles. 
2. Alternating current and direct current. 


D. The rectifier motive power unit permits more 
horsepower capacity per cab than any other type. 


II. RECTIFIER VERSUS MOTOR GENERATOR MOTIVE 
POWER 


The rectifier locomotive has the following advan- 


tages: 


Less weight of conversion equipment. 

Less cost of conversion equipment. 

Less space requirements for the conversion equipment. 
More capacity per cab permitted. 

Simpler and cheaper mechanical parts because of item 3. 
Reduced standby losses and higher operating efficiencies. 
High accelerating horsepowers at high speeds. 


Saale ceo 


III. RECTIFIER VERSUS DIESEL-ELECTRIC MOTIVE 
POWER 


The price of electric energy has remained relatively 
stable, whereas the long term trend of liquid fuel prices 


Figure 1. Rippleis the amount 
of deviation from a straight-line 
wave form of rectifier current 


AVERAGE 
0.C. AMPERES 


% RIPPLEs 4 


has been upward. Where economic conditions justify 
the electrification of a dieselized railroad, the diesel electric 
locomotives can be transformed into rectifier locomotives 
by removing the diesel engines and their appurtenances 
and applying pantographs, transformers, auxiliaries, and 
rectifier equipment. ‘The rail horsepower rating of most 
diesel-electric locomotives can be substantially increased 
when and if such a change is made. = 


HISTORY 


HE desirability of producing a system of electrifica- 
tion embodying the advantage of high-voltage a-c 
transmission with low-voltage d-c traction motors has been 
a dream of transportation engineers ever since Westing- 
house, in the year 1914, first ran a rectifier car in revenue 
service on the New Canaan branch of the New York, New 
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Haven, and Hartford Railroad. This car was equipped — 
with a multianode pumped-type rectifier. Two funda- 
mental limitations were encountered in the use of this car 
as a motive power unit. 

It was limited by the requirement of pumping to main- 
tain the vacuum in the rectifier. At that time, the tech- 
nique of vacuum pumping and vacuum seals had not 
reached the present stage of perfection. 

The car produced telephone interference, and it was 
necessary to install track booster transformers in the test 
section to force all the trolley current to return through the 
rail. 

Prior to 1937 all rectifiers were of the multianode 
pumped type, with as many as 18 anodes per tank. Sub- 
sequently, two developments, the sealed tube? and the 
ignitor, combined with a single anode, made the applica- 
tion of sealed-tube ignitrons to moving vehicles par- 
ticularly attractive. With the great impetus which World 
War II gave to the production of aluminum and mag- 
nesium by the use of ignitrons, which supplied large 
amounts of d-c power, the ignitron was produced in 
quantity. Concurrently, the large demand for diesel- 
electric locomotives has similarly put the low-voltage 
d-c traction motor into mass production. Hence rectifier- 
type motive power becomes a product which will be 
benefited greatly by these two high-production items. 

In the past, three main problems have deterred the use 
of ignitrons and other forms of rectifiers on rectifier motive 
power units: 


1. The effect of shock and vibration encountered on a moving 
vehicle with respect to the strength of ignitron tube parts and with 
respect to the effect of a turbulent mercury pool on the performance 
of the ignitors. 


2. The effect of the ripple in the rectified single-phase current wave 
form with respect to the heating and commutation of conventional 
d-c motors. 


3. The effect of interference with communication circuits when 
operating from a single-phase trolley with ground return. 


LABORATORY TESTS 


pee 1 was approached by determining the maxi- 
mum values of acceleration forces expressed in terms of g 
(acceleration of gravity) observed on an electric locomotive 
classified as a satisfactory riding unit. These values were: 
maximum cab lateral observed, 0.66 g; usual cab lateral, 
0.16 g. Both values were read on curved track at 95 miles 
per hour. Cycles of oscillation were 78 per minute. 

Similar tests on another locomotive classified as an 
unsatisfactory riding unit indicated that the usual cab 
lateral was approximately 0.32 g while the frequency at 
90 miles per hour was 114. 

Based on these data, an oscillating test table was made 
on which the ignitrons were rigidly mounted. This table 
had an amplitude of vibration which could be varied from 
one to three inches and a frequency which could be varied 
up to 250 cycles per minute, giving values as high as 1.8 g 
acceleration, or well in excess of those observed on a rough- 
riding locomotive. 

With this laboratory setup, two standard type WL- 
653-B ignitron tubes, mounted rigidly on the shaking table, 
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delivered 200 to 800 amperes to a Westinghouse type 362 
railway motor while shaking at a frequency of 120 cycles 
per minute and amplitude of one inch. This particular 
railway motor is standard on Westinghouse 660- and 1,000- 
horsepower diesel-electric switcher locomotives. At this 
shaking frequency no misfires occurred during several 
hours of operation. By a misfire is meant failure of the 
ignition circuit to start an arc for one or more half-cycle 
waves. One or several misfires in traction service would 
not be more serious than a pantograph bounce of short 
duration. This test was continued for several months, 
and no weakness was apparent in the design of the tube 
when exposed to these severe tests. 

Problem 2 deals with the effect of ripple on commutation 
and heating of the traction motors. By ripple is meant 
the amount of deviation from a straight-line wave form of 
rectifier current. See Figure 1. 

Tests on the type 362 motor were made at various loads 
and at various ripples in the power supply as affecting 
commutation. ‘This motor is rated 510 amperes, continu- 
ous, on 310 volts. With a d-c circuit reactor to limit the 
ripple, the results of Table I were obtained. 


Table I. Effect of Power Supply on Commutation 
Voltage, Current, 
Volts Amperes Characteristics of Commutation 
With a 5 Per Cent Ripple 
Aes 4 nina PACOKS Cee SOO selelomtereteistaretareterstaes Black 
MO ereceteetalat ofsin cole afar 614 “EE grtoadnpcnadadons Black occasional pin point 
430 ast leeeieriee flac (ER GR Os Pde ap oLcte Black 
With a 30 Per Cent Ripple 
PATUS SB AS Ae A re ae SOO Pyenteerts atetels senctet lack 
B35 Ftescieieys nies) s ei ¢ CANE SiN) SHB Se CU EIA Black 
VWbpexeo. UvScbeOLOsee SOO iatetere wetoeistaeisiieiaere Few pin points on one brush 
BOG Seta dice aie taeiete t 6 5 600 .......Few pin points on one brush 
RPA Oe Mis Oo Rie OU AA C 650..................+Few pin points on one brush 
With a 75 Per Cent Ripple 
ZS Gare teat eal ake ataieuctss UU pode adangddeseEs Almost black 
PAUSES cote AOI Oe BOO asteleteteteteselsielere areal Few pin points 
320. Be DOO sereisicrtrete stiaiel store, Intermittent pin points on one brusb 
Sh eit SNe 5 SUSE MOOSE DT rata tetet cle otscehsietche Black with intermittent pin points 
AL 5 alas Sea eae B (DES och aks 6 ACC oer card Intermittent pin points 


A temperature test was made on the type 362 motor using 
rectified current with a 30-per cent ripple. This test 
showed a temperature increase in the motor windings of 
from one to two per cent over the results obtained with 
generated d-c power. 

Tests with rectified current were also conducted on two 
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other traction motors, one a type 7447 used on the New 
York Board of Transportation subway cars and the other 
a type 559-DR3 used on the Long Island Railroad cars. 
Both of those motors showed equally as good commutation 
and stability as the type 362. 

Problem 3, pertaining to possible telephone interference, 
was studied in the laboratory. The type 362 motor was 
operated at 600 to 700 amperes with a single-phase ignitron. 
The harmonic content of the single-phase line current 
feeding the single-phase ignitron was measured by means 
of a harmonic analyzer. 

In order to have a single-phase full-wave rectifier produce 
a square-wave alternating current, the following theoretical 
conditions are required: 


1. Infinite inductance in the d-c circuit. 
2. Zero angle of overlap. 


This means that each half alternating current wave must 
be a square wave. ‘The square a-c wave can be expressed 
mathematically by the Fourier series as follows: 


= Dah 1 
e=—(sin wt+1/; sin 3 wt+!/;5 sin 5 wt...... +— sin n wt) (1) 
rg n 


Where 


e=instantaneous value of voltage 
E=crest value of voltage 

w=2nf 

f=fundamental frequency 

n=any odd integer 
¢=instantaneous value of time 


The term JT is used to indicate the intensity of telephone 
interference. Briefly, it is the product of current and 7, 
a weighting factor which is dependent upon the frequency, 
coupling, and sensitivity of instruments and of the human 
ear. 

The calculated 77 product of a 25-cycle square wave 
having a 210-ampere fundamental is 165,000 based on the 
1935 weighting. This is a very high value of J7 and taken 
by itself would tend to discourage the use of rectifier motive 
power. However, it is not possible to obtain infinite 
inductance in the d-c circuit or zero angle of overlap in 
the a-c circuit. 

In order to approach with practicable test equipment 
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Figure 2. Main circuit schematic diagram for the rectifier test car; electric equipment includes a specially designed transformer 
and four type-WL-653-B ignitron tubes for single-phase full-wave rectification 
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the theoretical square-wave conditions, all the available 
suitable inductance in East Pittsburgh for the d-c circuit 
was utilized, and the ignitrons were energized at a point 
where there was very little reactance in the power circuit. 
With this special setup, the maximum /7 value obtained 
by test was approximately ten per cent of the calculated 
IT value. 

With the aid of practicable filtering means, the /7 value 
for a 210-ampere fundamental was reduced to 35/7. 

Table II gives a picture of the various harmonic currents 
involved for the conditions in the preceding paragraphs. 


Table Il. Harmonic Currents for Various Values of IT 
Calculated 
Frequency, Square Wave- Test Current, Test Current, 
Cycles Per Current, Amperes Amperes 
Harmonic Second Amperes (Dec 16, 1947) (Feb 3, 1948) 
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Laboratory tests were so favorable that it was decided 
to make tests in service under actual electrification operat- 
ing conditions. Co-operation of the Pennsylvania Railroad 
was sought for the assembly of propulsion and control 
apparatus furnished by Westinghouse Electric Corporation 
and the multiple-unit car and its auxiliary apparatus by 
the Pennsylvania Railroad Company. ‘This assembly has 
been in trial performances for adjustment and refinement 
of apparatus for some months. 
service. . 

In addition to this procedure, the Bell Telephone 
Laboratories and the American Telephone and Telegraph 
Company co-operated with Westinghouse and the Penn- 
sylvania Railroad in conducting a series of tests to determine 
the telephone noise influence aspects of the rectifier car 
and existing single-phase a-c series motor equipment. 

The results of telephone noise influence tests are still in 
preliminary form and are not described here. 

This car was a combination type, half its length being 


The car is now in revenue 
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a baggage compartment. All test equipment requiring 
adjustment and observation, instruments, and oscilloscopes 
were mounted in this baggage compartment. 

The electric equipment consisted of a specially designed 
transformer, four type WL-653-B ignitron tubes for single- 
phase full-wave rectification, plus a variety of capacitors 
and reactors as variable test equipment. Two Long 
Island-type traction motors with control boxes and acceler- 
ating grids were used primarily because they could be 
secured quickly. In the future on an a-c road, voltage 
tap control from a transformer would be used. 

The main circuit schematic for the test car as it was 
placed in revenue service at the completion of the harmonic 
tests is shown in Figure 2. 

This rectifier car was initially energized on July 15, 
1949, since which time it has been under limited operation 
for apparatus refinement and adjustment with no funda- 
mental difficulties ascertained in approximately 2,500 
miles of trial. It was placed in revenue service on October 
26, 1949. 


SOLUTIONS OF PROBLEMS 


Results of the problems mentioned previously are as fol- 
lows: 

Problem 7. Shock and vibration during normal operation 
has not affected operation in the least. ‘The car has been 
operated most of the time during the tests pulling a second 
car as a trailer. It has been operated successfully for 
sustained periods of time with full-wave rectification from 
two tubes only; first one pair of tubes were used up to 60 
miles per hour for 25 successive accelerations, then the other 
pair of tubes were used in the same manner. Normally 
all four tubes would be used. It has been operated inten- 
tionally for short periods of time on two tubes with half- 
wave rectification. 

Problem 2. ‘The motors have been operated most of the 
time with approximately 33 per cent ripple in the direct 
current. The commutation under these conditions has 
been black at all times, and the commutators and brushes 
have an excellent appearance. Limited testing was done 
with a 5 per cent ripple and a 55 per cent ripple. 

The test car was operated for three round trips making 
all stops between Broad Street Suburban Station, Phila- 
delphia, and Paoli with approximately a 33 per cent ripple 
in the direct current. The three round trips were repeated 
the next day with a 5 per cent ripple in the direct current. 
Both tests resulted in an 86-degree centigrade rise (by 
thermocouple) in the interpole winding. 

Problem 3. ‘The telephone influence of such a rectifier 
is being investigated on a 25-cycle system. The results, 
though not complete, include field test data taken on the 
ignitron-equipped multiple-unit car. It is indicated that 
practical filters can be produced which will permit the 
use of rectifiers as a power supply for individual traction 
units of an electrified railroad system paralleling associated 
and commercial communication circuits. 
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Three-Phase Resistance Measurements 
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ARGE DISCREPANCIES between the measured 

values of resistance of three identical conductors with 
3-phase current have been reported by observers.! It 
has been the practice to take the average of the values of 
resistance measured on the three conductors as being the 
true value of a-c resistance of each. This procedure is valid 
if the resistances of three conductors are actually equal. 

Unsymmetrical spacing of the three conductors produces 
unbalanced inductive reactances which in turn produce 
errors in the measured conductor resistance. These errors 
can be eliminated by making measurements, first with 3- 
phase current of one-phase sequence and then with 3- 
phase current of the opposite phase sequence. The average 
value of the resistances measured on any one conductor with 
the two phase sequences is the true value of a-c resistance. 

Figure 1 shows a diagram of the measuring circuit which 
is very similar to that described by Summers.? This circuit 
is an a-c potentiometer. The voltage drop across a stand- 
ard resistor, shunted by a voltage divider, in the secondary 
of a current transformer plus the voltage in the secondary of 
a mutual inductance is made equal to the drop between the 
potential points on the conductor. The conductors on 
which these measurements were made are three copper tubes 
each 30 feet in length with an inner diameter of 0.375 inch 
and an outer diameter of 0.540 inch. Two potential leads 
were connected on the outside of each conductor at points 
15 feet apart and brought away at right angles to a distance 
of about 18 feet, then closed to form a rectangular loop. 
The leads were twisted from this loop to the measuring 
circuit. In order to minimize the effect of stray fields, two 
measurements with opposite polarities were made on each 
conductor for both phase sequences. 

With a conductor spacing of approximately 2 inches, 
21/, inches, and 23/, inches, the resistance of A-phase con- 
ductor measured with positive sequence current was 1.55 
milliohms and with negative sequence current 1.30 milli- 
ohms giving an average of 1.425 milliohms. The d-c resist- 
ance of the same conductor, measured with a Kelvin bridge, 
was 1.406 ohm. With positive- and negative-phase se- 
quence currents the measured resistances on B-phase con- 
ductor were 1.08 and 1.28 milliohms respectively, giving an 
average value of 1.18 milliohms. The d-c resistance of B- 
phase conductor was 1.152 milliohms. The corresponding 
a-c values for C-phase conductor were 1.08 and 1.14 giving 
an average of 1.11 milliohms compared with a d-c value of 
1.087 milliohms. Measurements were repeated for differ- 
ent conductor spacings, and the average values of the indi- 
vidual conductor resistance obtained with opposite phase 
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Figure1. Circuit diagram for 3-phase measurements of resistance 


and reactance 


sequences were substantially the same as those obtained 
originally. Inductive-reactance measurements were also 
made, computed from the setting of the mutual inductance 
M, as shown in Figure 1. 

It can be shown that using only positive-sequence current, 
the error in the measured value of resistance on A-phase 
conductor (conductor number 1) is —0.866(Xd\.—Xd31) 
where Xdj. is the separation component of reactance be- 
tween A- and B-phase conductors and Xd, is the sepa- 
ration component of reactance between C- and A-phase con- 
ductors.’ The apparent a-c resistance was computed by 
adding this term to the d-c resistance. Table I shows a 
comparison between computed values and measured values 
of resistance with positive sequence current only. 


Table I. Computed Apparent Conductor Resistance for Positive 
Sequence Current 
Resistance, milliohms 
Phase 0.866 (Xd2— Xdn) Computed Measured 
Neary tia GRO BTC oe LS Srnecatate) ties oiatetetane taverns Li Sists ieetavars) slave siniere 1.55 
B +0.081.. Ove 1.08 
Goh Soares wnarstaitta Wistalere M=OVOSGs Hake cit ccusolateine ere VLD sete eeeietetene «dian 1.08 


Three-phase measurement of resistance followed by one 
with currents of opposite phase sequence will yield data 
from which the true value of a-c resistance for each indi- 
vidual conductor can be obtained. 
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Automatic Calibration of Oscillator Scales 


W. J. MEANS 


HE USE of heterodyne oscillators in testing and main- 

tenance of carrier telephone systems has created the 
problem of designing long frequency scales of high accuracy 
and good readability. It has been found that for panel- 
mounted equipment with a well illuminated scale to be 
read at arms length the scale modulus should be such that 
the smallest interval which it is desirable to read is not less 
than 0.05 inch. For carrier system applications, the corre- 
sponding frequency interval is independent of the frequency 
and so the correct choice is a linear scale. 

A scale arrangement of adequate length and yet lending 
itself to a compact construction consists of a length of mov- 
ing picture film registering through its perforations against 
the teeth of a sprocket which in turn is fastened to the worm 
shaft of the tuning unit. The film carries scale divisions 
and numbers and in combination with the sprocket forms a 
direct-reading scale. The loose ends of the film are rolled 
up on two take-up drums tensioned by springs. A typical 
scale has a length of 400 inches carrying 2,000 subdivisions 
and 200 numbers. 

The calibration of such a scale and subdivision of the 
intervals between calibrated points is a slow operation in 
spite of labor-saving devices. The calibration must be 
done in a temperature-controlled room to prevent frequency 
drift and the apparatus must be prewarmed before cali- 
bration. 

These complications have been removed by the develop- 
ment of a continuous automatic calibration system. In this 
system an unexposed motion picture film connected to the 
oscillator to be calibrated is slowly driven past a slit as the 
oscillator is motor-driven through its frequency range. A 
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Block schematic of the automatic 
calibrating system for oscillator scales 


Figure 1. 


subdivided and numbered master scale is also motor- 
driven and its image is projected on the unexposed film 
through the slit to generate a scale. By so controlling the 
speed of the master scale that the setting undergoing projec- 
tion reads the frequency of the oscillator under test, a true 
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calibration is obtained which after development becomes 
the oscillator calibration. 

An electronic circuit performs the measurement of the 
instantaneous frequency of the oscillator under test and uses 
the result of this measurement to control the speed of the 
motor geared to the master film sprocket. In a current 
application to a 20-megacycle oscillator the measurement is 
accomplished by direct comparison at a large number of 
points with frequencies derived from a primary frequency 
standard. 

A 10-ke frequency standard pulse of less than 0.05-micro- 
second duration, which has a uniform harmonic frequency 
spectrum extending beyond 20 megacycles, is led into a 
modulator together with the output of the oscillator under 
test, as shown in Figure 1. As the oscillator is driven in the 
direction of increasing frequency, the output frequency is at 
some time equal to a harmonic of 10 ke and the beat fre- 
quency is zero. ‘Then the beat frequency increases up to 5 
kc, beyond which point a filter with a 5-kc cut-off attenuates 
the output. Above this point the beat frequency between 
the oscillator and the next higher harmonic is less than 5 
ke and, therefore, it appears at the output. It decreases 
to zero and the cycle repeats itself as the oscillator 
beats against one harmonic after another up to 20 mega- 
cycles. 

The variable frequency output of this modulator is next 
fed to a multiple-frequency discriminator network which has 
transmission peaks at 1.25 and 3.75 ke and zeros at 0, 2.5, 
and 5 ke. As the oscillator is being driven over a range of 
10 ke the output voltage of the network rises and falls four 
times at four equal frequency intervals. The output is 
rectified in the next stage producing a voltage with a fre- 
quency of about 30 cycles corresponding to the rate at which 
the oscillator is driven, which is about 75 ke per second. 
The 30-cycle signal is amplified and applied to a synchro- 
nous motor which, through a gear train, drives a uniformly 
divided master scale. The gear train is so proportioned 
that each time the voltage across the synchronous motor goes 
through four cycles, the master film is advanced 10 ke. 
Thus the passage of a 10-kc subdivision corresponds to pass- 
age of the oscillator frequency through a harmonic of the 
10-kc standard. The reproduction of the master scale on 
the unexposed film is, therefore, a correct calibration. 
Once the oscillator has been placed in the calibrating posi- 
tion and preliminary adjustments have been made the actual 
calibration is made in 4.4 minutes. The error of cali- 
bration is less than 1 ke from 50 ke to 20 megacycles, and 
a controlled-temperature room is unnecessary. 
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A Magnetic Amplifier Frequency Control 


L. J. JOHNSON 


ASSOCIATE AIEE 


O SUPPLY power to certain types of shipboard 

instruments, a source of alternating current is required 
in which the frequency error must be +0.1 per cent or 
less over a range of temperatures, loads, and supply voltages. 
This need has been met by the use of small motor-driven 
alternators which run on the ship’s d-c power supply. 
Frequency regulation is accomplished by shunt-field 
current control in the motor, and the field current is con- 
trolled by some form of servomechanism and frequency- 
sensing device. 

In order to overcome the limitations of existing frequency- 
regulating devices, the magnetic-amplifier-type regulator 
described herein was developed. This new regulator 
system has no moving parts, is extremely accurate in per- 
formance, and is not affected by shock and vibration. 
Its schematic diagram is shown in Figure 1. 

The frequency control consists of these components: 


A. A dynamotor for d-c to a-c conversion. 


B. A small permanent-magnet a-c pilot generator attached to the 
dynamotor shaft. 


Cand D. A pair of series-resonant circuits with rectifiers. 


E. A magnetic amplifier, consisting of two toroidal reactors and two 
self-saturation rectifiers. 


F. A control field rectifier. 


In operation, two series-resonant circuits C and D are 
excited by the output of pilot generator B and supply 
rectified control currents to the magnetic amplifier E. 
The magnetic amplifier controls the current flow to the 
control field rectifier F, which, in turn, supplies rectified 
current to the control field of the dynamotor. In addition 
to the principal circuit components, an electric damping 
circuit is utilized, consisting of capacitor C; and two auxil- 
iary windings on the magnetic amplifier reactor cores. 
The damping circuit is connected in parallel with the 
control-field winding and produces a magnetomotive force 
in the magnetic amplifier which is a function of the rate of 
change of voltage across the rectifier. ‘This additional 
magnetomotive force acts in a direction to stabilize the 
frequency of the system. 

Temperature stability between 40 and 130 degrees 
Fahrenheit is obtained by the use of temperature-stabilized 
Permalloy dust-reactor cores in the two frequency-sensing 
circuits. 

The magnetic amplifier E in Figure 1 consists of two 
ribbon-core toroidal reactors, each of which has four 
separate windings. The directions of the magnetic fluxes 
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in the reactor cores are as shown by the arrows in the 
figure. When the dynamotor frequency is exactly 60 
cycles, the ampere-turns in the pairs of control windings 
on each reactor are equal and opposite. When a dis- 
turbance in load or supply voltage occurs, the resonant- 
circuit currents became unbalanced and the reactance of 
the magnetic amplifier increases or decreases as a function 
of the net control currents from the sensing circuits. The 
saturable reactors, in turn, regulate the current to the 
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Figure 1. Schematic diagram of a magnefic-amplifier fre- 


quency-control unit 


control field coils of the dynamotor in such a manner as to 
restore the frequency to the normal value. 

Transient response tests on the system indicate that the 
frequency will return to normal 60-cycle frequency in 
two-thirds of a second after a load is applied or removed, 
or following a surge in the supply voltage of as much as 
+5.0 per cent. Most of this time delay can be attributed 
to the inertia of the dynamotor. 

To summarize, this magnetic-amplifier frequency control 
has the following advantages over older devices designed 
for the same purpose: 


1. At normal temperatures the system gives frequency regulation of 
the order of one part in 5,000 or better without the aid of tuning forks 
or crystals. 


2. The system is stable in operation under fluctuating load, voltage, 
and operating temperature conditions. 


3. There are no moving parts in the system. 


4. The regulator is simple in design and inherently free from main- 
tenance troubles, and is not affected by shocks or vibrations normally 
encountered in use. 


This frequency control is an example of the successful 
application of known magnetic-amplifier theory to a prac- 
tical problem and is believed to be smaller, lighter, and 
more effective than other controls designed for the same 
purpose. 
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Electrically-Driven Gyroscope 


GERARD P. pDEWESTFELT 
MEMBER AIEE 


GYROSCOPE is a wheel or disk which rotates 
A about an axis through its center (called spin axis) 

and which is also capable of rotation about one or 
more axes perpendicular to the spin axis and to each other. 
If the wheel is mounted so it is capable of rotation about 
three intersecting axes, it is said to be unconstrained with 
respect to rotation and possesses then the well-known 
and interesting property of maintaining the plane of its 
spin axis fixed in space as long as no external forces are 
applied to it. This property has been made use of in 
gyrocompasses, stabilizers, and other instruments which 
measure or correct any deviation of the supporting body 
from the reference axis of the gyroscope. 

The wheel of the gyroscope, which is called the gyro, 
can be spun by any convenient means, such as a jet of air, 
but in most applications it is an integral part of an electric 
motor, usually the rotor of an induction motor. ‘The gyro 
motor is quite different from its conventional prototype, 
however, and this article will attempt to discuss some of the 
factors which have made these differences necessary. 
Gyrodynamic theory will be 
referred to in this article only 
in so far as it affects the de- 
sign of the gyro motor itself. 

How does an electrically- 
driven gyro differ from a 
conventional electric motor? 
First, and most important, 
the gyro motor must be de- 
signed for the highest possible 
momentum. Second, its 
mass stability must be absolute. 
These requirements are essential to minimize gyroscopic 
drift and nutation effects, but they also give rise to a 
number of electrical and mechanical problems which are 
seldom encountered in the design of ordinary electric 
motors. 

Electrically-driven gyros (see Figure 1) are usually de- 
signed as squirrel-cage induction motors, although other 
types have been used occasionally. For instance, an early 
model of commercial gyrocompass built after World War 
I had its gyro designed as a shunt motor so that it could 
be run directly on the ship’s d-c power supply. This 
seemed a good idea, but it was eventually abandoned 
because of commutator troubles, even at relatively low 
speeds. ‘These difficulties would make a real high-speed 
d-c gyro quite impractical since windage causes so much 
drag above 10,000 rpm that it is usually necessary to operate 
all but the smallest aircraft gyros in sealed evacuated cases, 
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A small motor to be used in a gyroscope must 
have the highest possible momentum and it 
must have absolute mass stability. 
factors cause many problems not encountered 
in the design of conventional electric motors. 
The gyro has a low torque-to-inertia ratio, very 
high operating speed, and all heat must be 
conducted from the machine by radiation. 
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and the life expectancy of a commutator operating in a 
vacuum at high speed would be very short indeed. 

For applications in which a rigorously constant-speed 
gyro is required regardless of voltage variations, synchronous 
self-starting motors must be used. Hysteresis motors do 
very well in this work, although they have lower torque and 
efficiency than do induction motors. 

A short discussion on the causes of gyroscopic drift will 
now be attempted. Any force applied to a freely spinning 
gyro causes its spin axis to move away from its original 
position. This motion is called precession and is at right 
angles to the direction of the applied force. The torque 
required to maintain a constant velocity of precession is 


T=lnoW,=M.W, (1) 


where J is the moment of inertia of the wheel; w, its angular 
velocity; W,, the velocity of precession; and M,, the 
angular momentum. 

The velocity of precession is called drift when the torque 
producing it is caused by gimbal-bearing friction, windage, 
or other random forces. It 
can be minimized by operat- 
ing the gyro in a vacuum, by 
keeping the ratio of the angu- 
lar momentum of the wheel to 
its weight high, and by pre- 
venting any axial shift of the 
wheel while it is in motion. 
The two latter points are es- 
pecially important in reducing 
gimbal-bearing friction, one 
of the main causes of drift. 
It would appear, therefore, that the ideal gyro should 
be designed for a high angular velocity, a large moment of 
inertia, and the lowest weight possible. In order to com- 
promise these somewhat conflicting requirements, the usual 
procedure is to turn the conventional induction motor 
inside-out; that is to have the squirrel cage revolve outside 
the stator instead of inside it. ‘This results in a consider- 
able increase of inertia without adding very much to the 
weight of the rotor. The angular velocity then can be 
made as high as desired by increasing the frequency of the 
power supply. However, since the squirrel-cage lamina- 
tions do not have much tensile strength, it is necessary to 
press them into a rim made of a high-strength material. 
This permits the squirrel cage to rotate safely at the high 
peripheral speeds for which the rim is designed. It should 
be pointed out, however, that bearing life is the real limit 
on speed, rather than the strength of the rim. A wheel 
4.5 inches in diameter with a rim made of SAE 4340 steel, 
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for instance, can, as far as the rim itself is concerned, be 
spun safely at 75,000 rpm, but because of the high tempera- 
tures developed in the bearings at these speeds and the pres- 
ent limitations on lubrication techniques the bearing life 
would be rather short. 

Other basic design criteria are positive starting torque 
under adverse conditions, such as extreme cold and re- 
duced voltage, reasonable run-up time for the gyro to 
reach its normal operating speed, low slip, and low operat- 
ing temperature. ‘This last condition is most important, 
since high-speed gyros are usually run in a vacuum to 
minimize windage, and heat dissipation then becomes a 
real problem. 

Techniques used to overcome these difficulties will be 
described later. 

A brief discussion of the power supply may be of interest 
at this point. Since the overwhelming majority of gyros 
are squirrel-cage induction motors, their synchronous speed 
is entirely governed by the frequency of the supply and 
number of poles in the stator winding. The standard 
industrial frequency of 60 cycles per second is too low to 
provide a high momentum-to-weight ratio, so an inde- 
pendent power supply, usually a motor-driven alternator, 
is required. In special cases, where stable frequency is im- 
perative, electronic power supplies controlled by an accu- 
rate tuning fork or a crystal oscillator are the best solution. 


ELECTRICAL DESIGN 


[Xe electrically-driven gyro is essentially a no-load 
induction motor, and it is designed in general by the 
same well-known procedures and equations that are used 
for conventional induction motors. There are, however, 
a few notable differences. The regular industrial poly- 
phase induction motor is a high-torque and comparatively 
low-speed machine, fan-cooled, and with a moderate 
torque-to-inertia ratio of the rotor. ‘The gyro, on the other 
hand, has an extremely low torque-to-inertia ratio, a very 
high operating speed, and with vacuum-sealed construction 
radiation must be depended upon almost entirely for 
cooling. 


Stator. A good sinusoidal flux distribution, free of 
winding and tooth harmonics, is important in any induc- 
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tion motor, and doubly so in a gyro. These harmonics 
produce unexpected reduction in torque at certain critical 
speeds, sometimes of such severity that the motor may 
never get up to speed at all. The situation is especially 
serious in the case of gyros because of their extremely low 
torque-to-inertia ratios. For example, the torque-to- 
inertia ratio of a conventional 1/4-horsepower 60-cycle 
induction motor is 540 radians per second squared, while 
that of a typical modern high-speed gyro is only about 
five radians per second squared. (It may be of interest 
to compare these ratios with that of small low-inertia 
servomotors which are at the other end of the scale, and 
sometimes exceed 30,000 radians per second squared.) 
In addition to their low torque and high inertia, modern 
gyro rotors are operated at very high speeds, usually at 
24,000 rpm or even higher, which makes it all the more im- 
portant to maintain a very steady torque during the long 
run-up period. 

Studies by Kron,! Trickey,? and others have shown that 
irregularities in the torque-speed curve of induction motors 
are caused by certain harmonics of the revolving magneto- 
motive-force wave and that these harmonics are partly 
the result of improper winding distribution and partly of 
certain combinations of rotor and stator slots. In addition, 
either the slots of the stator or the slots of the rotor must be 
skewed to prevent irregular, jerky motion at low speeds. 

These considerations, therefore, require that the stator 
laminations have a large number of slots and that the 
winding be carefully designed and proportioned according 
to the sine law. ‘This type of winding, called concentric, 
is familiar to all fractional-horsepower motor designers 
and gives a stepped magnetomotive-force wave which is 
reasonably close to the impressed sinusoidal voltage. For 
the present design, an 18-slot lamination was chosen; the 
slot number is divisible by the poles (two) and the phases 
(three). 


A 36-slot lamination would give a better magneto- 
motive-force wave shape but would be difficult to wind 
because of the small size of the slots, while a 24-slot lami- 
nation would tend to lock in with the 25-bar rotor. It 
would, of course, be possible to increase the number of rotor 
bars above 25, but the bars would then become thin and 


Figure 1. (A, left) Exploded view of gyro components and (B, right) front and back views of gyro assembled in its case 
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difficult to cast, so the first combination was chosen as the 
best practical compromise. 

Flux densities should be kept low (under 60,000 lines 
per square inch, if possible, for high silicon steel) since high 
densities contribute to an increase of magnetizing current. 
For the same reason, the air gap is made small, 0.010 inch 
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Figure 2. Subassembly of a typical stator and case 


or less. It should be noted, in this connection, that small 
air gaps intensify the harmonic effects that have been 
discussed previously, which is one more reason for insisting 
on sinusoidal flux distribution. A subassembly of a typical 
stator is shown in Figure 2. 

Rotor. ‘The rotor, or squirrel cage, differs in several 
points from that of the ordinary induction motor. To 
begin with, as mentioned earlier, it rotates outside the 
stator, although this is a mechanical rather than an elec- 
trical consideration. In addition, the peculiar operating 
conditions of the gyro, which have been enumerated pre- 
viously, make it necessary to use a somewhat unusual type 
of lamination design. 

In conventional fractional-horsepower motors, the 
squirrel cage bars are usually either round or perhaps 
slightly elongated, and the slot which surrounds each bar 
is open toward the stator. In the gyro squirrel cage, the 
bars are deep and narrow in cross section, and the slots are 
closed or bridged instead of open (see Figure 3). The 
reason for this construction follows. 

In round or square bars, the current distribution in 
the bars is practically uniform, whether the motor is 
starting up or running. This means that the effective 
resistance of the squirrel cage is the same under both 
conditions. If the bars are deep and narrow, however, 
the current distribution is different when the motor is 
starting than when it isrunning. When the rotor is stalled, 
with full line voltage applied to the stator, heavy eddy 
currents are induced in the bars, and the normal bar current 
is crowded into the head of the bar which is nearest the 
air gap. 

This is equivalent to reducing the area of each bar, or, in 
other words, increasing its resistance. When the rotor has 
reached full operating speed, the eddy currents virtually 
disappear, and the normal current distribution in the bars 
becomes uniform. ‘Therefore, the effective resistance of 
the bars is reduced. ‘This construction produces a rotor 
with high starting and low running resistance, and since 
the starting torque is directly and the slip inversely pro- 
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portional to the rotor resistance, a high-starting-torque 
low-slip motor is obtained at no additional increase in 
power consumption. 

The starting current of a gyro, even with a deep-bar 
squirrel cage, is quite heavy if it is started across the line 
at full voltage. The copper losses will, therefore, be 
dangerously high during the run-up period since it would 
be impractical to wind the stator with wire large enough 
to carry safely the starting current which is normally 20 
times higher than the running current. And since the run- 
up time of a high-speed rotor is quite appreciable, the 
stator winding will overheat severely unless special pre- 
cautions are taken to reduce the starting current. The 
only way of accomplishing this other than by the use of 
starting boxes or variable frequency power supplies is to 
increase the leakage reactance of the squirrel cage. A 
typical slot leakage reactance equation is 


6.38 / S 
Xy=2efCCy*| - [ade | 10-8 ohms (2) 
z 


8 
where 


f=frequency in cycles per second 
C=conductors in series per phase 
Cy =winding constant 

/=length of stacking 

S,=stator slots 

S,=rotor slots 

F,,=stator slot leakage factor 
F;,=rotor slot leakage factor 


It can be seen from this equation that if the rotor slot 
reactance factor F,, is made large, the slot leakage reactance 
will increase proportionally. This factor F,, is computed 
from the dimensions of the slot and from slot reactance 
factor curves that can be found in standard design hand- 
books. By closing or bridging the slot, the value of F,, 
can be greatly increased and the locked impedance of the 
gyro can be made high enough to keep the starting current 
at a safe value. 

Bridged slots are very seldom used in ordinary induction 
motors since the run-up time at the usual commercial fre- 
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Figure 3. Stator and squirrel-cage laminations showing the 
narrow, deep bars of the squirrel cage with closed slots 
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quencies is practically instantaneous, and the inrush current 
is almost immediately limited by the counter electromotive 
force. 


MECHANICAL DESIGN 


OUR points are particularly important in the mechanical 
design of a high-speed gyro: 

Wheel stresses. 

Preloading of bearings and mass stability. 


Bearing lubrication. 
Internal case pressure. 


Wheel Stresses. The rim which surrounds the squirrel- 
cage stack (see Figure 4) must be designed to withstand 
safely the peripheral speed that the gyro will attain. For 
speeds above 24,000 rpm and for wheels between four and 
five inches in diameter, SAE 4740 (chrome molybdenum) 
or SAE 4340 (nickel molybdenum) have been used, both 
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Figure 4. Rim, squirrel cage, and shaft designed to withstand 
safely the high peripheral speed attained by the gyro 


of which have sufficient yield strength for the job. The 
latter is to be preferred because it forges more easily than 
4140. The maximum safe speed of the wheel can be 
computed from Timoshenko’s stress equation for rotating 
thick rings 
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where 


o =maximum stress in pounds per square inch at inner rim of wheel 
y =unit weight of wheel in pounds per cubic inch 
g=acceleration of gravity inches per second squared 
v=peripheral speed of wheel in inches per second 
p= Poisson’s ratio 

_ inner radius 


outer radius 


Using SAE 4340 which has a yield strength of 225,000 
pounds per square inch, the ultimate speed at which the 
wheel could be driven is 75,000 rpm. 

Preloading of Bearings and Mass Stability. A heavy flywheel 
revolving at very high speed requires the best of precision 
ball bearings, perfectly aligned, with good lubrication, and 
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with absolutely no end shake. As was explained earlier, 
end shake cannot be tolerated in a gyro because any dis- 
placement of the rotor along its spin axis will produce an 
unbalanced weight shift on the gimbal bearings which in 
turn will apply a precessing torque to the gyro and cause 


it to drift. End shake is usually eliminated by spring 
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loading the bearings axially, but this method has the 
serious disadvantage of increasing the friction and the 
temperature of the bearings. 

The ideal combination, therefore, is a perfectly free 
bearing with no end shake; this was attained in the follow- 
ing manner (see Figure 5). The inner races of the bearings. 
AA are mounted on a hollow shaft B surrounding a com- 
pression strut C. The bearings first are clamped down 
tight by a nut D, and then the relief screw is forced against 
the strut until all the pressure on the inner race is removed 
entirely, while the outer race remains tightly clamped as 
before. 

The procedure described applies, of course, to bearings. 
with a fixed outer race and a rotating inner race. ‘This is 
the system that is most often used on gyros because the 
linear speed of the inner race is slower than that of the 
outer race and the bearing can be lubricated and adjusted 
more easily. In some cases, however, special problems 
arise which make it mandatory to use the outer race as the 
rotating member of the bearing, but this construction should, 
be avoided if possible. 


Bearing Lubrication. Bearings can be lubricated by wicks 
or by grease. Because of the large amount of oil that can 
be stored and fed to the bearings by wicks, this type of 
lubrication appears attractive for gyros that are required to 
operate continuously for very long periods of time, although 
there are serious disadvantages attached to it. For one 
thing, it is difficult to regulate the flow of oil through the 
wicks, and too much oil, even though it will insure a cool 
bearing, will also cause an appreciable amount of drag by 
viscous friction. 

In addition, even high-boiling-point oils give off vapor 
when brought into contact with warm surfaces such as the 
inside of the gyro case, and oil vapor is a powerful con- 
tributor to windage drag on the wheel because of its vis- 
cosity. 

Grease, on the other hand, produces practically no vapor 
and is highly resistant to heat. It will not lubricate a 
bearing indefinitely, as will a steady stream of oil, but it 
remains effective for a very long time, nevertheless. Gyros 
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have been operated at standard frequencies for several 
thousand hours with grease-filled bearings without visible 
harm to the latter. 


Internal Case Pressure. It has been explained earlier that 
windage should be kept as low as possible for the efficient 
operation of high-speed gyros. Even small amounts of 
entrapped air or vapor produce an appreciable drag on 
the rotor which shows up as excessive power consumption 
and overheating. ‘Therefore, it is customary to operate 
the gyro in a case which has been evacuated and sealed off. 
The case is first pumped down to about 100 microns (0.1 
millimeter), but after a few hours of operation the pressure 
usually rises to one millimeter because of gases released 
from the impregnating compound of the winding and also 
from oil vapor. Another technique that is frequently used 
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Figure 6. Typical torque-speed curve of a gyro rotor showing 


the flat top of the low-resistance squirrel cage with the high 
starting torque resulting from the deep bar construction 


is to evacuate the case as before, but before sealing it off, 
to introduce a small amount of helium (25 to 50 milli- 
meters). This very light gas is also a good heat conductor, 
and although the drag on the wheel and the power con- 
sumption are somewhat increased, the gyro actually runs 
cooler. In addition to entrapped air or oil vapor, oné of 
the worst offenders in producing case pressure is the 
laminating and impregnating compound of the stator wind- 
ing. In spite of prolonged baking, it is almost impossible 
to remove completely all volatile products in the impregna- 
tion, and these gases will in time build up an appreciable 
pressure in the gyro case. The best way of overcoming 
this is to run the gyro for several hours with the case con- 
nected to a vacuum pump that is operating continuously. 
This gives good results, but it is slow and expensive. 

The starting and operating characteristics of a gyro are 
evaluated from its torque-speed curves, just as in the case 
of any other induction motor. However, since it is im- 
practical to measure the torque directly with a dynamom- 
eter, it is necessary to compute it from the acceleration 
and deceleration curves of the gyro. The angular velocity 
of the rotor can be measured optically with a stroboscope, 
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if the construction of the gyro is such that the rotor can be 
spun outside of its case in a bell jar. Where this is not 
possible, the fundamental frequency of the rotor may be 
picked up acoustically by a microphone attached to the 
case, and compared with a variable frequency in a cathode- 
ray oscilloscope. 

The total mechanical torque developed by the rotor at 
any instant is given by the following expression: 


T=Ie (4) 


where J, the moment of inertia of the rotor, is in gravity 
units and a, the acceleration, in radians per second squared. 
If there were no friction or windage present, the slope of 
the acceleration curve multiplied by the inertia of the rotor 
would yield the total torque developed by the rotor at any 
instant. Friction and windage torques reduce the slope of 
the acceleration curve, however, so it is necessary to add 
them (as given by the deceleration curve) to the acceleration 
torque to obtain the true total mechanical torque de- 
veloped by the rotor. Centimeter-gram-second units are 
commonly used in these computations, and the torque is 
obtained in dyne-centimeters. A typical torque-speed 
curve is shown in Figure 6. The flat top of this curve is 
characteristic of induction motors with low-resistance 
squirrel cages while the high starting torque resulting from 
the deep-bar construction is clearly visible. 

Stator winding temperatures should be checked fre- 
quently by the resistance method during the initial run-up 
tests. Although this only gives the average temperature 
of the winding at any instant, it is sufficiently accurate to 
detect any dangerous increase in stator temperature. 

Case pressure can be measured by a_ thermocouple 
pressure gauge or a McLeod gauge, although the latter 
may give erroneous readings if any condensable vapors are 
present, since the McLeod will only read pure gas pressure. 
For relatively high pressures, as when the gyro is operated 
in helium, a manometer is usually sufficient. 


CONCLUSIONS 


alge design procedures that have been described in this 
article were developed to meet the requirements of a 
moderately heavy but high-speed gyro for which they 
proved quite effective. The future trend in gyro develop- 
ment is undoubtedly directed toward increasingly high 
angular speeds, and refinements in the techniques described 
here will probably provide an adequate solution. Main- 
taining a low case pressure and more efficient bearing 
lubrication and cooling are perhaps the two items that 
most urgently require improvement. 
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Losses in Power Transmission Networks 


J. B. WARD 


MEMBER AIEE 


“1 Pe DETERMINATION of transmission-system losses 
as a function of generating-station loading is of im- 
portance to the engineers responsible for the efficient 
operation of electric power systems. Those responsible 
for load dispatching have for the most part operated with 
a good knowledge of generation costs in each individual 
station, but have had relatively little knowledge of the 
effect on system losses resulting from shift of load from 
one station to another. In order to operate at a maximum 
over-all efficiency it is necessary to determine, for any 
generator schedule, the cost of system losses and then 
to correlate these costs with station operating costs. Such 
an approach is of value in the operation of existing stations 
and in the location of proposed new generating stations. 
The present article is concerned with the derivation of a 
loss formula, expressing the total transmission loss in terms 
of station loadings. The formula may be applied to the 
co-ordination of losses with station costs as described in a 
recent paper.' 

Power system losses are commonly obtained from net- 
work-analyzer studies in which /?R losses are calculated 
for each line, the method being repeated for each an- 
ticipated load schedule. A mathematical formula for 
transmission system losses would offer certain advantages 
over analyzer data as follows: 


1. Losses associated with operating conditions not previously 
anticipated may be readily determined without further testing. 


2. The loss formula, combined mathematically with incremental 
fuel costs, provides a single expression for total-system generation 
costs which may be minimized by the methods of calculus. 


3. From the system loss formula may be derived a simple relation 
which gives the incremental loss incurred in transferring a block of 
power from one source to another. This is of particular interest 
when the two sources considered are two interconnection points, and 
the power considered is “‘hauled power.” 


Any system-loss formula to be of practical significance 
must be subject to certain simplifying assumptions. The 
basic approximations involved are 


1. For a given total load, each individual substation load is repre- 
sented as a certain current which has a constant magnitude and 
fixed relative-angular position with respect to other load currents, 
regardless of the manner in which the total generation is distributed 
among the sources. 


2. As the total system load varies, the magnitude of each individual 
load current varies proportionately and maintains its fixed relative- 
angular position with respect to other load currents. Suitable values 
of load currents may be obtained from a selected typical intermediate- 
power-flow condition which is taken as the normal or reference 
condition. 
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A loss formula developed for the 4-source system of 
Figure 1 is of the form 


P, =0.306P?+0.667 P2+0.229P:2+0 .362P2 
—0.210P,P2+0.276P,;P;—0.012P;P;—0.220 PoP; 
+0.332P2P,—0.072P3P, 

where P, is in kilowatts. 


The constants of the loss formula are determined from a 
network-analyzer study of a selected average load condition 
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Figure 1. Sample system; impedances are given in per cent ona 


100-megavolt-ampere base 


combined with certain analyzer measurements to determine 
current distribution throughout the network. 

As a check on the accuracy of the loss formula for the 
system of Figure 1, readings were taken on the network 
analyzer for several loading conditions to permit calculation 
of the total losses line by line. For these several conditions, 
values of total loss as given by the formula were compared 
with the losses as obtained by direct computation. Devia- 
tions were found to be small and indicate the reliability 
of the formula. The incremental loss associated with the 
through transfer of megawatts from interconnection 3 
to interconnection 4 is given by the equation 


AP, =0.66p2-+14.9p 


This relation applies for one particular set of loading 
conditions on generators 7 and 2. Other equations of 
this form may be developed for other load schedules from 
the total loss formula. 
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A Voltage Gradient Meter 


R. L. TREMAINE 
ASSOCIATE AIEE 


ARLY IN the studies now in progress on the Tidd 
500-kv test lines at Brilliant, Ohio, it was thought 

that the voltage gradient at the earth’s surface might have 
an important effect on corona and radio influence. Since 
the phase conductors on a grounded-neutral transmission 
system are grounded for d-c potentials through the trans- 
formers, the earth’s electric gradient induces a static charge 
on these conductors of such polarity and magnitude as to 
nullify exactly the potential which would exist in space if 
the conductors were not present. The presence of this 
induced static charge establishes a gradient on the surface 
of the conductors which theoretically is superimposed upon 
the gradient produced by the applied alternating voltage, 
and thus it may alter the corona and radio influence per- 
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Figure 1. Schematic diagram of electric voltage gradient meter 


formance of the line. It was decided to include an investi- 
gation of these effects in the Tidd test program. 

A gradient meter suitable for use on the Tidd project 
was not available, so it was necessary to undertake the 
design and construction of a suitable instrument. The re- 
sulting device has a number of features which have not 
been available on previous instruments and it is ideally 
suited for this application. It is thought that a description 
of this instrument will be of value to other investigators. 

This instrument is an example of the so-called ‘“‘genera- 
tor’-type voltage gradient meter. Figure 1 shows a 
schematic view of the instrument. The exposed com- 
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ponents of the instrument are the detector plates (stators) 
mounted in the center of the ground plane, and the rotor, 
which alternately shields and exposes the stator to the 
earth’s electric field. An amplifier, a motor, a synchronous 
switch, and a recorder are mounted inside a steel cabinet. 

When the stator is covered, there is no voltage gradient 
at its upper surface and hence its charge is zero. When the 
stator is uncovered, it is exposed to the earth’s electric 
field and a current flows through the ground connection 
of such magnitude that the charge distribution in the stator 
is that which is dictated by the voltage gradient at its 
surface. This current is much too small to be measured 
directly, so the stator is actually grounded through a 4.7- 
megohm resistor, and the voltage appearing across this 
resistor is fed into a special amplifier. 

In this type of gradient meter, it is necessary to use 
special means to determine the polarity of the electric 
field. A synchronous switch is used for this purpose. 
This switch connects the output of the amplifier to the 
recording meter when the stator is being shielded by the 
rotor, and to ground through a resistor during the exposing 
period. 

A special requirement of this instrument is that it be 
insensitive to comparatively strong a-c fields. This is 
accomplished by turning the rotor at a synchronous 
speed of 900 rpm so that each incremental area of the 
stator is exposed to the a-c field for one full cycle and then 
covered for a cycle, and the net effect is zero. 

The stator is mounted so that it is part of an extensive 
ground plane. The field on its upper surface is the same 
as the voltage gradient at the surface of the earth. The 
instrument was calibrated by placing an artificial cloud 
over the ground plane and applying known direct voltages 
to the artificial cloud. 

Four scale ranges are available giving full scale deflections 
at 40,000, 4,000, 400, and 40 volts per meter. A unique 
feature is that the lower third of the scale is approximately 
linear to permit accurate readings of fields of low magni- 
tude, and the upper two-thirds of the scale are compressed 
in an approximately logarithmic manner enabling measure- 
ment of comparatively high voltage gradients without a 
change of scale setting. This is an important feature as the 
instrument is left unattended for continuous recording over 
long periods. An automatic gain-control circuit with a 
delay voltage is used to provide this type of scale. 

The amplifier has been made insensitive to voltage 
fluctuations and tube changes by the use of voltage-regulat- 
ing tubes and inverse feedback. 
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Lightning Arrester Protective Levels 
and ‘Transformer Insulation 


Vasl|e VOGEL 


lations between light- 
ning arrester discharge 
voltages and transformer im- 
pulse strengths are often pub- 
lished to show the margin 
between the two and to illus- 
trate how securely protection 
is obtained. As published, 
they always show a considerable margin. Furthermore, 
as published, they reflect the values which have been set up 
as commercial standards. 
Some engineers, 


Cision showing the re- 


formers. 


particularly transformer engineers, 
are interested in the conditions possible in service to see 
if the apparatus they design is adequate for service. Some 
operators are interested too, since they buy both lightning 
arresters and transformers, and the establishment of basic 
insulation levels depends on these relations. 

Impulse tests have been made by transformer engineers 
for this purpose in the past, using lightning arresters and 
transformers, but the results were never published. One 
such test which does not conform to the usual impression 
of the relations between arresters and transformers is 
reported here, but it does indicate that a high degree of 
protection is obtained. 

The standards of lightning arrester performance have 
been presented recently.1 They are extremely valuable 
in standardizing the method by which arresters can be 
tested to determine compliance with commercial standards 
and to give an idea as to the limiting voltages under these 
conditions. 

Using such data, curves showing the degree of protection 
to apparatus can be drawn. ‘The curves shown in Figure 
1 are illustrative of the relations usually given to show the 
minimum values of transformer insulation and the average 
arrester performance. However, there are some other 
considerations to be taken care of to obtain the real picture. 
One of these is the fact that the arrester performance is 
average and may exceed the values shown by 10 or 15 
percent. Actually, it is very likely that this is a pessimistic 
viewpoint, but there are some matters which make condi- 
tions worse. Such conditions are separation of the arrester 
from the apparatus and the possibility of high rates of 
Full text of paper 50-17, ““Margins Between Arrester Protective Levels and Transformer 
Insulation,’ recommended by the AIEE Committee on Transformers and approved by 
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This article presents the results of impulse 
tests using lightning arresters with trans- 
It indicates the high degree of pro- 
tection obtained for the transformers by the 
use of such lightning arresters and suggests 
changes which may be made in basic insulation or 

levels by reference to such tests. 
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current discharge or high 
rates of rise of such discharges. 
One method of allowing for 
them has been a fixed per- 
centage, or a fixed quantity, 
both. little 
experimental data showing 
the correspondence of this 
allowance and possible actual 
field conditions have been presented. Experience that 
the use of the allowance has given good service has been 
given as justification. 

The transformer standards establish minimum values of 
transformer These values are exceeded for 
two reasons. First, there must be some margin allowed 
for testing insulation. For example, if a chopped wave of 
230 kv is required, the tester calibrates the surge generator 


However, 


insulation. 
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Relations between lightning arrester performance and 
test data. Average data for a 37-ky line-type lightning arrester 
is shown on the dashed line. The curve is estimated but is as- 
sumed for a 10/20 lightning-arrester discharge current wave to 
give a 1.5/40 voltage wave. The solid line represents minimum 
values for transformers demonstrated by test 


Figure 1. 


Crosses represent voltages at the lightning arrester and transformer, with both 
as near together as possible. The crest of the wave was at less than one-half 
microsecond, and the average value was over 220 ko for the equivalent of at least 
three microseconds (Figure 3B). It is recognized that these do not form points 
on atime lag curve but show comparative strengths only, Circled crosses repre- 
sent the lightning arrester and transformer voltages with 50-foot separation. 
The 326 ko at the transformer had very short duration and is shown less than 
one-half microsecond (Figure 3E). The lightning arrester voltage is shown as 
235 ku for the equivalent of three microseconds (Figure 3F). | This comparison 
shows how the separation between the lightning arrester and transformer, lead- 
ing to high-frequency oscillations, requires steep wave front strength in the trans- 
former 
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at some lower voltage and determines the charging voltage 
for 230 kv by extrapolation. Depending on a number of 
variables, the actual voltage and specified time may be 
exceeded by 10 to 15 kv or one or more microseconds. Sec- 
ond, the designer will attempt to provide a margin to 
prevent failures on test and damage. On the other hand, 
the conditions used for test on the lightning arresters are 
not as severe as they might be, since a 10/20 current wave 
is the basis of test. This means it takes ten microseconds 
for the current wave to reach its crest and 20 microseconds 
for the tail of the wave to decrease to one-half the value 
of the crest. Hence, the commercial tests do not put 
the transformer in a particularly favorable light, and 
on the contrary, they put the lightning arrester in a favor- 
able one. A more logical method of procedure would be 
to use minimum strengths for the transformers, as is now 
done, and maximum (not average) limiting voltages for 
lightning arresters should be at least one of the test or 
guarantee values. Perhaps also they should include the 
most severe current condition which is to be expected in 
service. 

In order to illustrate this point of view, some tests were 
made recently on some 34.5-kv transformer coils and 
insulation, both with and without lightning arresters. 
The object was to illustrate the effect of steep rates cf cur- 
rent rise and separation of the arrester from the transformer. 
The tests are not beyond question so far as some tech- 
nicalities are concerned, but they certainly are illustrative 
of possible field conditions. 

The coils and insulation used were typical for 34.5-kv 
class, which should stand the following tests: full wave, 
200 kv; chopped wave, 230 kv; steep-front wave, 345 kv 
in 0.5 microsecond. 

The transformer coils and bushing were set up with a 


9-inch rod gap as near as possible. The surge generator 
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was adjusted to give a rate of voltage rise of about 1,500 
kv per microsecond. The result of the test is shown on 
oscillogram A, Figure 2. The voltage was 513 kv, reached 
in about 0.33 microsecond. 

Next, a 37-kv lightning arrester, of good manufacture 
and rated as a line-type lightning arrester, was set up as 
close as possible to the transformer model. It will be noted 
that the voltage is greatly reduced, as shown in oscillogram 
B, Figure 2, to be a relatively long wave but to be only 
176 kv. 

Further tests were made with the arrester between the 
transformer and The generator setting was 
unchanged. On one such test, the voltage at the lightning 
arrester is shown on oscillogram C, Figure 2, and was 176 kv. 
The voltage at the transformer was shown on oscillogram D, 
The peak was 214 kv. The distance between 
the lightning arrester and the transformer was 50 feet of 
It would seem that this might be a possible condition 
in the field. However, although the voltage at the trans- 
former was 214 kv, it existed for a small fraction of a mi- 
crosecond. 

Since voltage rises of lightning of 1,000 kv per micro- 
second have been cited, this might be considered to prove 
that, at least so far as ordinary rates of voltage rise are 
concerned, the lightning arrester has done a very good job 
in preventing flashover and limiting the voltage on the 
apparatus. In these tests about 500 ohms of resistance 
were in series within the generator. 

Another series of tests were made without internal re- 
sistance in the generator. The model and 9-inch rod gap 
Oscillogram A, Figure 3, shows a 
flashover on the front of the wave of 556 kv, reached in 
one-fourth microsecond, giving a rate of rise of over 2,200 
microsecond. With the arrester immediately 
adjacent, the maximum voltage was 262 kv, and the average 


generator. 


Figure 2. 


line. 


were close together. 


kv per 


of the curve was 220 kv. 
It decreased rapidly in a 
microsecond or so. ‘This 
is shown on oscillogram 
B, Figure 3. 

Similar tests were 
made with various sepa- 
rations between the 
lightning arrester and 
transformer. One such 
test was made with a 25- 
foot separation. In that 
case the voltage at the 
lightning arrester was 


Figure 2. Oscillograms with 
1,500 -kv - per - microsecond 
wave 


A 


Nine-inch rod gap flashover 
in front of wave 
B—Lightning arrester voltage, 
same surge generator setting as A 
C—Transformer voltage 50 feet 
from lightning arrester 
D—Lightning arrester voltage 
corresponding to C 
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Figure 3, Oscillograms with 
2,200 - kv - per - microsecond 
wave 


A—Nine-inch rod gap flashover 
in front of wave 
B—Lightning arrester voltage 
C—Transformer voltage 25 feet 
from lightning arrester 
D—Lighining 


corresponding to C 


arrester voltage 
E—Transformer voltage 50 feet 
from lightning arrester 


F- 


Lightning arrester 


voltage 


corresponding to E 


246 kv and is shown on 
oscillogram D, Figure 3. 
The voltage at the trans- 
former was 310 kv and is 
shown on oscillogram C, 
Figure 3. It is easy to 
see that the duration of 
this voltage is only a frac- 
tion of a microsecond. 
Results with a 50-foot 
separation are shown on 
and F, 
Figure 3, where voltages 


oscillograms FE 
at the transformer and 
arrester shown in 
their respective order. 
The highest voltages 
were 235 and 326 kv re- 
The 9-inch 


gap was in parallel with 


are 


spectively. 


transformer for all 
There 
gap flashovers during the tests described. 


the 
tests. were no 

After these 
tests and many even more severe, investigation showed 
that no damage was done to the transformer insula- 
tion. No measurements of discharge currents were taken, 
inorder to simplify the test procedure. Such measure- 
ments would be desirable by those interested primarily 


in lightning arrester performance. 
TEST RESULTS 

Although these tests make no pretense of being a complete 
study of the subject, it is believed that they do permit 
drawing some conclusions. 

For example, the conditions illustrated here, even in 
the worst case, are probably not as severe as they could 
be in service. Under these conditions, protection was 
actually obtained both to service and the apparatus with 
the lightning arrester. Protection to the apparatus only 
was obtained with gaps. Perhaps the limits of assumed 
lightning severity should be further explored since no 
general agreement as to lightning arrester current limits 
for given voltage classes and applications has been reached. 
Since the effect of separation of the lightning arrester and 
apparatus results in short steep-front oscillations, it would 
seem that steep-front strength in transformers is desirable. 
Unless conditions much worse than in these tests exist, 
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1000K¢ 


normal transformer levels would seem to be sufficient. 
In other words, high-voltage oscillations due to reflections 
need not be feared greatly if steep-front strength is built into 
the apparatus. 

The relatively longer steady voltage durations, with high 
arrester currents, and with the lightning arrester at the 
transformer, seem to be close to or exceed the present 
levels. Actually, they did not exceed the 
strength as actually built in, even in the worst case. If the 
transformer barely had the American Standards Association 
level of full-wave strength, more failures might result in 
The usual relations shown for arresters and trans- 


They are indicated 


transformer 


service. 
formers do not seem entirely correct. 
on Figure 1. 

The relations given here apply to the lower voltage 
Conditions might be much different for higher 
voltage classes. ‘Tests under these conditions have been 
made before, and it might be well if more comprehensive 
Due to overhead ground 


classes. 


tests were made and reported. 
protection, surge currents are often small, and if so, trans- 
former insulation might even be reduced. 
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Electrical Essays 


Force on a Dielectric, or Physicists 


Are Just as Confusing 


I had to go back to the Research Laboratory for some 
tools which I had left there the time I did that repair job 
on the Van de Graaff Atom Smasher. I found two 
physicists there, running the machine. ‘“Here’s a chance 
to get some expert opinion on my Electrostatic Space Ship 
(EE, Feb’50, p 164),” said I to myself, and I showed the 
drawing, Figure 1, to them. ‘They both laughed heartily, 
and after they recovered told me I had failed to consider 
the force on the dielectric titanate. 

This was a new idea to me, so I asked how much would 
that be, and would that spoil my invention? How could 
I figure it? 

“Well,” said one of them, “like you thought, there'll 
be no real or free charge on the titanate surface because 
D,=D,, but there will be an apparent surface charge 


1 
saya (E,—F;) and there will be a force on account of 
Tv 


that.”” ‘‘You mean an apparent force?” said I. ‘‘No,” 
said he, ‘“‘I mean a real force.”’ ‘‘A real force on an apparent 
charge,” I echoed, quite dazed. 


‘Bill,’ said the other, ‘“‘Alter Ego is right. You can’t 


PLATE ENCASED IN 
TITANATE 


BARE METAL 
PLATE 


HIGH VOLTAGE 


SOURCE Figure 1. Electrostatic 


propellant for space 
ship 


have a real force on an apparent charge. What you really 
have is a polarization, P, in the titanate due to the molecules 
being made into dipoles by the electric field. Within the 
titanate the field is uniform so the force on the dipoles is 
zero. But at the surface the field is strongly nonuniform, 
in the X direction, so there is then a real force on the real 
dipoles there.” 

“Don’t be metaphysical, Charlie,” said Bill, ‘Here, 
I'll figure the thing out. We have 
D=E+4nP (1) 
The real, volume charge density is 


1 6D 


Phar 8x (2) 
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The apparent or polarization charge density is as in the 
following: 


pS ea (DF) (3) 
The force per unit volume is then 


(4b) 


fe= [ete'] E= i 8D Beer ote i eee 
ae a: | 4 bx 4a 8x "dor 8x 8a 6x 


“Integrating from just outside the titanate to just inside, 
we get the following for the force per unit area at that sur- 
face, 


2 
1 
rot fi Spdx = (Ex? — E;’) 
1 8r 


“Integrating from just outside the metal to just inside, 
we get for that surface 


0 
1 
rtm f trtom L0o—Be 
2 8r 


**So the whole force per unit area of structure is then found 
to be 


(5b) 
(6b) 


F=F,'+F,"= —- E (7b) 
87 

which is just the negative of the force on Alter Ego’s other 

metal plate, and so we can see that his invention won’t 

work.” 

Charlie seemed impressed, but said, “‘Let’s see how I 
do it with real polarization, P, but no force on the apparent 
charge, p’. 

Instead of your equation 4b my equation for the force 
per unit volume will be 

1 6D 1 6 


6E 1 6E 
fompE} P= — E+ (D=2) = (2DE= ED 
6x 4a 6x 87 6x 


4 
Am 5x (40) 


““My force per unit area at the first surface will be, there- 
fore, 


2 
1 1 
Fo! = Sodx = —(2D2E2— E;?) ——(2D,E,— E;?) 
1 89 8r 


1 
=—(2D2E;— F— Ei’) (5c) 
87 
*“At the second surface I’ll have 
r c 1 1 
Fo => Sode= =~ (0)——-—(2DaEa— Fat) (6c) 
2 T 87 
“The total force per unit area will be 
Lf u" 1 
F=Fo +Fo = mye (7c) 


“Your invention simply won’t work, Alter Ego,’’ Charlie 
and Bill both said, gleefully, with their arms around each 
other. 

“Thank you, gentlemen,” I said, glumly. ‘But I 
notice that Bill says that the force on the surface of the 
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titanate tending to stretch the titanate is 


Fy!=—(Et E) = ‘ral 4 zy i 
eon ere er Hk Sg 
where k is the dielectric constant, while Charlie here says that 
it is 


(5c!) 


il 1 1 
(2) a te \ = 
o' =; (2DiE— Ee — Ei) “a(t 3) 


Now how much will the titanate actually be stretched? 
Until you gentlemen agree on that, I’ll have to reserve my 
acceptance of your conclusion that my invention won’t 
work.” I stalked out, but I could hear them arguing 
violently with each other as to how much the titanate will 
be stretched. 

Physicists are just as confusing as engineers. 

How much will the tension on the titanate arising from 
the electric field be? Is Bill right, or is Charlie right? 


J. Slepian, Alter Ego 


It is interesting to examine a few textbooks or treatises 
on electromagnetism to see whether they agree with Bill 
or Charlie as to the force per unit volume on a dielectric 
in an electrostatic field. 

Page and Adams, ‘Principles of Electricity,” tenth 
printing, pages 48-9, give for an uncharged dielectric, 


6E 
f= Spee and agree with Charlie. 
e 


Abraham and Foeppl, ‘“‘Theorie der Elektrizitaet,” 
fourth edition, volume 1, page 48, give a formula, equation 
16-1, which reduces for this one dimensional case to 

io 
lange aD) and they agree with neither Bill nor Charlie. 

mw 6x 
Abraham and Becker, ‘‘Electricity and Magnetism,” 
page 95, for the special case of a material with an isotropic 
dielectric constant, k, which is independent of field strength 
and is a function of material density only, seem to find it 
necessary to add a term to the foregoing thus obtaining the 


1 6 6k 
formula fago>( DE+ESs) where a is the density. 
TW OX o 


Stratton, ‘“‘Electromagnetic Theory,”’ and Jeans, ‘“‘Mathe- 
matical Theory of Electricity and Magnetism,” agree with 
Abraham and Becker for this special case. 

Doesn’t anybody agree with Bill? Yes, Richardson, 
*“The Electron Theory of Matter,” in equation 2, page 206, 
gives a formula which we find agrees with Bill’s formula, f= 


All these various formulations, however, will agree 
that Alter Ego’s invention will not work. This is because 
for all of them the volume force is given as the gradient of 


1 
a function, and for all of them, this function reduces to = 
T 


when D=E. However, they disagree as to what the 
“‘tension”’ in the titanate will be. 
So again, how much “tension” will the electric field 
exert upon the titanate? 
J. SLEPIAN (F’27) 
(Westinghouse Research Laboratories, East Pittsburgh, Pa.) 
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Unbalanced Load 


A balanced 3-phase star-connected resistance load is 
supplied from an efficient distribution system through a 
delta-star-connected transformer bank. The resistance 
in the supply system may be neglected. The resistance 
load is connected to the transformer bank by four short 


Figure 1 


underground cables as indicated in Figure 1. 


The voltage 
drops 5.13 per cent when the load is connected to the 


transformer bank. A drill is accidentally driven through 
phase cables B and C and serious damage to these cables 
results from the short circuit. 
operations while replacement cables are being rushed to 
the job, the plant electrician connects the three resistors 
to the remaining sound phase cable as shown in Figure 2 


In attempting to maintain 


Figure 2 


and prepares to pour water on the transformer cases. 
However, he notes that the resistors develop only two-thirds 
the heat obtained in 3-phase operation. In attempting 
to increase the heating of the resistors, the electrician 
changes the connection of the neutral cable from the 
neutral connection of the transformer to phase B’terminal 


as shown in Figure 3. He is disappointed to find, however, 


Figure 3 


that the heaters are still developing only two-thirds the 
heat obtained in 3-phase operation. 

The electrician wants to know the answers to the follow- 
ing questions: What are the system characteristics? What 
else can he do to obtain at least 85 per cent normal heat 
in his equipment? 

A, A. KRONEBERG (F °48) 
(Southern California Edison Company, Los Angeles, Calif.) 
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Production Testing of Large D-C Apparatus 


M. J. BALDWIN 


MEMBER ATEE 


CCURATE ELECTRICAL TESTING for main- 
tenance of quality control of d-c machines is highly 
desirable. To achieve this with the conventional load-run 
test methods necessitates that a good brush fit on the com- 
mutator be first established. Such fitting involves brush 
sanding, seating, and running under load until stability is 
obtained. This is a and 
process. The test here described offers a practical means 
of controlling the quality of the product in repetitive 
production. However, it neither obviates the necessity 
of load-testing in development work, nor of periodic load- 
testing as a check on quality in general production. 

It is well known that the uniformity of the magnetic 
circuit in a given machine may be determined by checking 
its reluctance. This method has had wide commercial 
application for indicatingethe uniformity of the exciting 
In this new 


time-consuming expensive 


flux-path variables within acceptable limits. 
test method a no-load saturation curve is taken as a first 
step to control the variables affecting speed in a motor or 
voltage in a generator. By the proper selection of the 
values of excitation the variables can be separated into two 
first, those which indicate the uniformity of the 
main flux-circuit reluctance; second, those which indicate 
the air-gap measurement. 

This saturation curve is taken with the armature driven 
at a fixed speed. Unusual precautions are taken to indicate 
this speed accurately. The method used employs an 
oscilloscope to compare the frequency of an a-c tachometer 


groups: 


with that of a standard 250-cycle-per-second tuning fork. 
A phase-shifting network is used to obtain a second 250- 
cycle-per-second frequency having a voltage lagging 90 
degrees with respect to the original. These two are used 
for vertical and horizontal input to obtain a circular trace 
on the oscilloscope. The tachometer frequency is applied 
to the < axis of the oscilloscope to modulate the circular 
trace, blanking out a small segment of the circle. When 
the two frequencies are properly synchronized the blanked- 


out portion will appear to stand still. The tachometer 


Figure 1. 


Simplified schematic diagram of compensation bridge 
circuit 
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used has a ratio of 16 cycles per revolution. Therefore, 
one rpm of the oscilloscope indication represents only 
1/16 rpm of the test motor. This makes visual indication 
of speed very accurate. 

The second step, which is somewhat unusual, is to take 
the same type of no-load saturation curve for the commuta- 
tion flux circuit. To accomplish this, temporary small- 
diameter brushes are used ina pair of holders equally spaced 
from a main brush position, and at a sufficient distance 
from it to indicate the entire voltage induced by the com- 
mutating poles. The curve thus obtained is used as a means 
of indicating the uniformity of the commutating flux 
circuit reluctance. This, in turn, gives an indication of the 
grade of commutation to be expected, when compared 
to the same readings taken on a properly compensated 
machine. Data for this curve are taken with the armature 
driven at the same accurately indicated speed as used 
in the main flux circuit saturation curve. 

The method of obtaining a reading of volts and amperes 
to indicate the commutation has been improved with the 
development of the compensation bridge circuit shown in 
Figure 1. This permits a direct reading of the ratio of 
volts to amperes, and thus offers a special advantage over 
the method of taking simultaneous readings of volts and 
amperes. The reluctance of a properly designed com- 
mutation-pole flux circuit is essentially constant, so the 
compensation-bridge ratio will be the same, even with 
small errors in the setting of the commutating field current. 
The bridge circuit as now used for commercial test is essen- 
tially the same as Figure 1 except that two protective 
resistors have been added, and a self-balancing bridge has 
been substituted for the galvanometer. 

In the third step the machine is operated for the heating- 
up and bearing test at the load speed and with load current 
circulating in the armature and commutating field, but 
with no main-field excitation. In addition to preparing 
the armature for the high-voltage run and testing the 
bearings, this test has been found to be a good indication 
of the symmetry of the machine. 
necessary to drive the machine indicate the symmetry of 
the brushholders, the commutation poles, and the main 
poles. 

The high-voltage run is made by driving the hot arma- 
ture at ten per cent overspeed with the main fields excited 
to produce the peak voltage per bar required. 

The remainder of the commercial test consists of the 
customary overspeed, high-potential, and hot-impedance 
tests. 


Variations in the power 
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Magnetic Amplifiers of the Balance Detector Type 


Wea AusG. EY GER: 


N PRACTICAL APPLICATIONS of electronic ampli- 

fiers in the field of electrical measurements and control 
problems two serious disadvantages of tube amplifiers must 
be considered. First, the life of vacuum tubes is limited, 
and second, shocks or vibrations are dangerous to such 
tubes. In order to maintain the various advantages intro- 
duced by suitable use of electronic amplifiers and to avoid 
the serious disadvantages mentioned, a tubeless amplifier 
has been developed in different countries, namely, the mag- 
netic amplifier, also called d-c controlled reactor, saturable 
reactor, and transductor. This amplifier consists of elec- 
tric and saturable magnetic circuits so interlinked that a 
The 
magnetic amplifier, which is a real d-c amplifier containing 
no moving parts and not requiring any servicing, will be of 
great importance in future development of numerous tech- 
nical fields offering rough working conditions. This am- 
plifier will undoubtedly have extensive use, chiefly in the 
electrical control of military equipment, in commerce, and 
for control of various manufacturing processes and auto- 


direct current controls the reactance of an a-c circuit. 


matic devices for private use. 

During the past 12 years, research activity in the field of 
magnetic amplifiers has been conducted toward the use of 
such amplifiers for the control of small reversing motors 
working in connection with servomechanisms. It is espe- 
cially interesting to use a magnetic amplifier of the balance- 
detector type in the operation of self-balancing d-c poten- 
tiometers and d-c bridge networks. A special problem of the 
author’s research work was replacing the mechanical con- 
verter and the electronic a-c amplifier used in high-speed 
recording potentiometers by a magnetic amplifier having 
polarized characteristics, high d-c sensitivity, and a large 
power gain. Therefore, the main problem consisted of de- 
veloping a special magnetic amplifier having response char- 
acteristics of a balance detector as practically used in con- 
nection with d-c potentiometers and d-c bridge networks. 
This amplifier must have an extremely small drift rate and 
an output power sufficient for the control of a small revers- 
ing motor, which can be either a separately excited a-c mo- 
ior of the induction-meter type or a d-c motor of the moving- 
coil meter type. 

Magnetic amplifiers of the balance-detector type are 
based upon the use of symmetrical push-pull circuits which 
contain two balanced saturable-core reactor systems, both 
utilizing positive and negative feedback. ‘There are differ- 
ent kinds of such push-pull circuits utilizing either external 
feedback (full-wave type) or self-saturation (half-wave type), 
but in all cases dry-disk rectifiers are provided for producing 
additional d-c magnetizations, proportional to the actual 


” 
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values of the two alternating load currents, and therefore 
producing corresponding positive or negative feedback 
effects. The resultant output current is duo-directional and 
is zero at zero input control current. This principle is 
especially interesting when several magnetic amplifier cir- 
cuits are to be connected in cascade. 

In practice it is required that fulfillment of the balance 
condition, output current=0 if input current=0, must 
be independent of changes in voltage, frequency, wave 
shape of the a-c supply, and changes in temperature. The 
magnetic amplifiers of the balance detector type, which were 
developed in Germany during World War II, were designed 
to operate at ambient temperatures between +70 degrees 
centigrade and —60 degrees centigrade for supply voltages 
of 30 to 40 volts and frequency ranges of 400 to 600 
cycles per second. In single-stage and multistage ampli- 
fiers of this type the entire design revolves around the essen- 
tial problem that the drift rate must be as small as possible. 

In principle, magnetic-amplifier circuits containing a 
large amount of inductance have an inherently slow response 
time, and there is a certain time lag between the application 
of the input signal and the attainment of the full output load 
current. In certain practical applications this sluggish- 
ness of response due to “‘magnetic inertia” is not an impor- 
tant drawback, but in other applications, especially for 
high-performance servomechanisms and certain types of 
automatic control and instrument work, a very short re- 
sponse time is of paramount importance. 
time delay will be of the order of one cycle of the a-c supply 
frequency (up to about 2,000 cycles per second), an obvious 
way to reduce the response time is to increase the supply 
frequency. Another efficient method consists of providing 
derivative feedback, which reduces the time of response to 
about one-fifth of its original value. Using this method in 
connection with a 400-cycle-per-second supply it would be 
possible to achieve a response time of about ten milliseconds 
or less. 

The ratio A,/7 between power amplification A, and 
time constant 7 is increased by the application of positive 
feedback. Furthermore, the time constant of a magnetic 
amplifier increases in direct proportion to the power ampli- 
fication. When two or three stages of amplification are 
connected in cascade, the over-all power amplification is 
the product of the stage amplifications, whereas the total 
time constant is roughly the sum of the individual time con- 
stants. As the number of stages is increased there is an in- 
crease in the ratio of amplification to the time constant 
K,/T. Therefore, in order to obtain a high value of this 
ratio, the design procedure would be, in many applications, 
to connect in cascade two or three stages, each stage having 
a comparatively low power amplification and yet using the 
maximum positive feedback that is consistent with the re- 
quired stability of the amplifier. 


As the minimum 
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Electrical Maintenance Problems in 


Continuous Process Plants 


Le Ores Wiha 
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ROM THE STANDPOINT of the electrical engineer, 

a continuous process may be defined as one requiring 
a continuous supply of electric energy to prevent excessive 
spoilage of the product. Even though individual produc- 
tion components may be shut down in sequence for routine 
maintenance, the over-all process usually requires that 
electric power be available at 
all times, year in and year out. 
Also, the small relative load 
required for each component 
usually prohibits sufficient 
segregation of electric circuits 
to permit simultaneous main- 
tenance of the major electric 
equipment supplying — that 
component. Consequently, 
the importance of providing 
reserve distribution facilities 
to permit adequate mainte- 
nance and repair of all elec- 
tric apparatus becomes a major problem in design whenever 
such processes are involved. To provide such facilities at a 
minimum cost is a real problem and one to constantly test 
the mettle of the electrical engineer. 

Until a few years ago continuous processes were largely 
confined to a relatively few specialized industries where the 
electrical problems were well understood and where pro- 
visions for adequate maintenance were incorporated in the 
initial design. ‘This article is not intended to cover the 
problems of such industries as there is a wealth of excellent 
literature available on the subject. 

However, rising labor costs in recent years have forced the 
adoption of continuous mass production methods in many 
industrial plants which heretofore had operated entirely on 
a shift basis. Usually the existing electric distribution sys- 
tems in such plants were of the simplest possible type since 
continuity of service was not of particular importance and 
there was ample time available on the night shift and on the 
week ends to perform necessary maintenance work. All too 
frequently the complexity of the changes required to these 
distribution systems to permit maintenance of the-electric 
equipment and circuits supplying the new processes have 
been overlooked or ignored. 

Unfortunately, it also seems to be all too common in such 
cases for the management to defer indefinitely even those 
changes to the electric system necessary for either minimum 


Full text of a revised version of a conference paper, “Electrical Maintenance Problems 
in Continuous Process Plants,” originally presented at the AIEE Fall General Meeting, 
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As a result of increased labor costs in recent 
years, continuous mass production methods are 
now employed in many industrial plants which 
formerly operated on a shift basis. 
points out the importance of making those 
changes in electric equipment existent in such 
plants which are necessary, but unfortunately 
often ignored or deferred, to provide for 
adequate maintenance under the new condi- 
tions of continuous usage. 
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maintenance or to insure reasonable continuity of service. 
Hence, it is not unusual today to find cases where the elec- 
tric equipment has not been adequately inspected for sev- 
eral years as it was impossible to release the equipment with- 
out shutting down a critical process. 

It is up to the electrical engineer to determine the abso- 
lute minimum of changes in 
the distribution system re- 
quired, not only to permit 
reasonable maintenance, but 
also to insure reasonable con- 
tinuity of service. Fortu- 
nately, the solution of one 
problem usually solves the 
other. He must then utilize 
every means at his disposal 
to convince his management 
that the proposed changes 
are necessary and desirable 
if expensive production losses 
are to be avoided. ‘This article is intended to assist the 
engineer in meeting the first requirement. 


The author 


ANALYSIS OF PROBLEM 


It is most essential for the electrical engineer to work 
closely with the process engineers so as to insure a well- 
co-ordinated over-all design that will not impose undue limi- 
tations on the distribution system. Frequently such collab- 
oration will result in a materially less complicated and less 
expensive over-all installation. In this respect, therefore, 
it is well for the engineer to keep the following require- 
ments in mind: 


(a). Processes should be so designed and operated that short inter- 
ruptions of electric power will not result in an appreciable spoilage 
of product. In most instances it will be found that interruptions of 
not more than 15 or 20 minutes duration can be accommodated with- 
out undue complications. This will cover the great majority of 
service interruptions but, of course, will not permit any major main- 
tenance work to be performed. It does, however, permit ample 
time for transferring to an auxiliary source of power. 


(6). Gradual voltage variations are inherent in any electric dis- 
tribution system but they may be readily compensated for by induction 
regulators, by transformers with automatic load ratio control, or by 
other well-known means. However, designers of process equipment 
frequently do not consider the possible effects of momentary voltage 
fluctuations caused by switching or lightning surges or by external 
systems faults. Although relatively infrequent, such fluctuations 
can be quite severe and may cause the drop-out of motor controllers 
on undervoltage, thus shutting down some critical portion of the 
process, or else the momentary changes in motor torque or speed 
induced by such fluctuations may result in spoilage of the product. 
While they can and will occur on any electric system, it naturally 
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follows that the more comprehensive the system the greater the fre- 
quency of such fluctuations. This is especially true if the plant is 
supplied from a public utility, since a major disturbance frequently 
will cause a voltage fluctuation over the entire utility system. Drop- 
out of motor controllers on momentary undervoltage may be readily 
overcome by providing the controllers of all critical motors with time 
delay undervoltage protection and thus enabling them to override 
the disturbance. Unfortunately, the solution of the second problem 
caused by momentary changes in motor torque or speed is not so 
simple. The only real solution is to design the process so that it will 
be as insensitive as possible to such changes. 


(c). Process designs adversely affected by minor changes in fre- 
quency should be avoided at all costs. Maintenance of an exact 
frequency is virtually impossible, even on large utility systems. 


(d). Provision should be made for inspecting all contact making 
equipment such as circuit breakers and switches at least once a year. 


(e). The insulation resistance of all electric equipment should be 
checked at least twice a year, and preferably monthly. 


The foregoing requirements may seem obvious at first but 
a surprising number of installations have been found to re- 
quire major and expensive modifications because of product 
spoilage which has been caused by a definite failure to ob- 
serve these limitations. Strict adherence to these require- 
ments also will make the problems of the electrical engi- 
neer infinitely easier. 

The great majority of existing industrial plants are sup- 
plied from simple radial distribution systems with little or 
no provision for duplicate service to a particular load. 
Essentially, the problem covered herein resolves itself into 
providing such duplicate service to all critical loads at the 
least possible expense. An adequate solution requires that 
consideration be given to each and every major component 
of the distribution system. 


CONTINUITY OF SERVICE REQUIREMENTS 


The first step should be the tabulation of all existing and 
contemplated loads, preferably by processes or by depart- 
ments. Each load then should be carefully analyzed by all 
concerned to determine whether loss of electric power will 
result in a significant spoilage of product and, if so, what the 
minimum outage period should be to avoid excessive spoil- 
age. It usually will be necessary for management to estab- 
lish an arbitrary factor for determining what constitutes 
excessive spoilage. 

The loads then should be broken down into three groups 
as follows: 


1. Essential loads where outages of more than a relatively few minutes 
(15, 20, or 30 minutes) cannot be tolerated. 


2. Moderately essential loads where outages of more than a few hours 
cannot be tolerated. 


3. Nonessential loads. 


It will be helpful to list the loads in each category in the 
order of importance to assist in restoring service in case of a 
complete outage of the distribution system, or in case a 
shortage of power occurs and thus forces curtailment of 
operations. 

The importance of careful analysis in this phase of the 
problem cannot be overemphasized. Any possible reduc- 
tion which can be made in the total essential load will de- 
crease the extent of the changes to the distribution system 
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and thus frequently will result in effecting substantial sav- 
ings in the over-all cost. 


POWER SOURCE 


Power sources for industrial plants may be grouped into 
three major classifications: those purchasing all their power 
requirements from the public utility; those generating a 
portion of their requirements and purchasing the balance; 
and those generating all their requirements in their own 
power plant. 

Most industrial plants come under the first of the above 
classifications, but there is an increasing trend toward the 
second classification in plants where process steam require- 
ments permit economical generation with back pressure or 
bleeder turbines. Comparatively few plants today can jus- 
tify generating all of their requirements. 

Determination of the adequacy of a public utility supply 
requires close collaboration with the utility engineers. 
Once the problem is understood, they will be in a position 
to make specific suggestions and recommendations that 
usually reduce the problem materially. A careful analysis 
frequently will show that a complete duplicate source of 
power is unwarranted. In most cases the reserve source 
need only have capacity sufficient to carry the essential 
loads, the nonessential loads being disconnected either 
manually or by means of time delay relays. Generally, this 
reserve source can be provided by an emergency connection 
to another utility feeder supplied from another point in the 
system. 

A great deal always will depend upon the frequency and 
duration of faults on the utility system, especially those on 
the feeder supplying the plant. Generally speaking, the 
frequency of faults is higher on overhead open-wire lines but 
the duration is much less than for underground cables. 
Also, most of the faults on open-wire lines are of a tempo- 
rary nature and outages due to such causes can be greatly 
alleviated by the judicious use of automatic reclosing circuit 
breakers. 

Plants in the second classification usually can carry their 
essential loads either on the public utility feeder or on their 
local generators. In such cases the provision of a reserve 
supply from the utility system is hardly warranted. 

Plants in the third classification require careful study to 
ensure that sufficient generating capacity is always operat- 
ing to carry the essential loads. This means that the num- 
ber and size of generators should be such that the essential 
load can be carried in case of the outage of the second 
largest unit at a time when the largest unit is undergoing 
repair. 


PRIMARY SUBSTATION 


The primary substation customarily includes the in- 
coming source of power, the step-down transformers, if any, 
and the primary switchgear for controlling the primary 
feeders within the plant. It is unfortunate that this equip- 
ment, which really constitutes the heart of the distribution 
system, generally receives the least maintenance because of 
the cost of providing duplicate facilities. Unless such fa- 
cilities are installed, any maintenance usually requires the 
shutdown of the entire plant, which is difficult to arrange. 
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This difficulty becomes almost an impossibility whenever 
major continuous processes are involved, and the engineer 
should utilize every means at his disposal to provide suffi- 
cient facilities in order to allow adequate maintenance 
at all times. 

It is generally rather simple to arrange for proper main- 
tenance of the incoming source of power as the essential 
loads can be transferred to the reserve source during such 
periods without undue hardship—especially over week ends 
and holidays. 

Duplicate step-down transformers are rather difficult to 
justify except for very essential loads or where atmospheric 
conditions require frequent cleaning of insulators and bush- 
ings. Most transformers require comparatively little main- 
tenance, except for periodic testing and reconditioning of 
This work can be handled readily with 
the transformer in service. Many utilities today maintain 
either mobile transformers or a stock of spare transformers 
for use on their system and often arrangements can be made 
to utilize such equipment whenever extensive repairs are re- 
quired. 

If reserve equipment is not readily available, then 


the insulating oil. 


there is much to recommend the use of single-phase units. 
If delta-connected, the bank may be operated in open delta 
for extensive repairs to any one transformer. It is impor- 
tant that the normal load under such a condition be limited 
to not more than 57.7 per cent of the delta capacity. How- 
ever, advantage can be taken of the overload capacity of 
the transformers to carry peak loads in excess of the reduced 
If the essential and 
moderately essential load is too large, then a spare trans- 
former unit is justified. 

Most industrial plants, including many with large con- 
tinuous processes, have only a single primary bus. Since a 
shutdown of the entire plant is required to de-energize this 
bus, it is extremely doubtful if many of these installations re- 
ceive proper maintenance; and it becomes extremely diffi- 
cult to add to or modify the primary switchgear for the same 
reason. ‘Therefore, it is almost essential that continuous 
process plants be provided with some means for sectionaliz- 
ing the primary busses, even if only by disconnect switches, 
and that each bus section be independently supplied from 
the incoming power source or step-down transformer bank. 
It may be possible to rearrange the primary feeder circuits 
so as to release sufficient circuit breakers for this purpose 
without the necessity of having to purchase additional 
equipment. 


rating for an hour or two each day. 


PRIMARY DISTRIBUTION 


Primary distribution systems in existing plants are gener- 
ally of the simple radial type with little or no provision for 
duplicate supply to the secondary substations. The feeder 
arrangement is usually such that loads are served on an area 
basis with little or no regard for the type of load supplied. 
The extent of the duplicate feeder capacity required can be 
reduced materially by segregating the nonessential loads 
onto certain feeders. Such segregation will permit rapid 
disconnecting of the nonessential load whenever the reserve 
power source must be used. A careful analysis of the 
situation will show that often the major portion of such 
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load can be so transferred with a moderate amount of re- 
connection. 

Both continuity of service and maintenance requirements 
will generally dictate the provision of duplicate supplies to 
all substations serving essential loads. ‘The two basic meth- 
ods commonly employed consist of either duplicate feeders 
or the creation of loop feeders by tying the extremities of 
two or more feeders together through sectionalizing circuit 
breakers. There are, of course, almost as many variations 
and combinations of these two schemes as there are indus- 
trial plants. 

Whichever scheme is used, it is most essential that the 
feeder arrangement be such that all essential loads are sup- 
plied from at least two sources such as separate bus sections 
in the primary substation. In this way any cable, circuit 
breaker, or other apparatus supplying essential loads may be 
removed from service for inspection and maintenance with- 
out affecting operations. Since the shutdown of a feeder for 
maintenance or repair is comparatively infrequent, con- 
siderable savings may be realized by taking full advantage of 
the overload capacities inherent in the equipment. Fur- 
ther economies can be effected by arranging the transfer 
facilities so that the load released by de-energizing a feeder 
will be distributed over two or more of the remaining feeders 
and thus will allow the normal loads to approach the feeder 
rating. 


SECONDARY SUBSTATIONS AND DISTRIBUTION 


The rapidly increasing trend toward multiple secondary 
substations of moderate capacity has increased the mainte- 
nance problem. Generally, such substations are of the single 
transformer type and the provision of duplicate facilities is 
difficult, if not impossible, to justify. However, much can 
be accomplished by the judicious use of secondary inter- 
connections. 

These suggested interconnections also may be utilized 
to provide duplicate service to the distribution centers. 
Considerable care is necessary in applying them, however, 
to avoid excessive short-circuit currents in the secondary sys- 
tem. Generally, the safest procedure is to operate such 
interconnections normally open. 

Whenever possible, the secondary distribution centers 
should be so allocated that each essential load component 
will be served by a separate center. In this manner normal 
maintenance on the centers may be performed in conjunc- 
tion with the maintenance of the process equipment. ‘There 
is little justification for providing duplicate facilities beyond 
the distribution centers if they are so applied. 


CONCLUSIONS 


This article has attempted to summarize some of the prob- 
lems generally encountered in providing for the mainte- 
nance of electric equipment in plants employing continuous 
processes and to point out basic solutions for them. The 
discussion was purposely kept on a broad plane because 
each and every industry, and even every individual plant, 
has special problems of its own. However, by following 
the principles given in this article it will be found that 
economical solutions can be devised to meet almost any 
situation which may occur. 
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INSTITUTE ACTIVITIES 


Great Lakes District Meeting 


to Have Comprehensive Program 


The AIEE Great Lakes District Meeting, 
to be held at the Hotel Hayes in Jackson, 
Mich., May 11 and 12, 1950, will cover the 
subjects of motors, magnetic amplifiers, 
distribution, generation, transmission, meter- 
ing, and student papers, both by graduates 
and undergraduates. Inspection trips for 
both days have been arranged and these 
inspection trips are closely allied with the 
subject matter on the technical program. 


Arrangements for graduate students’ tech- 
nical papers and undergraduate students’ 
technical papers have been made, so that 
there will be a complete program for students 
throughout the two days of the meeting. 

On the social side, there will be an informal 
banquet the first evening for everyone and 
a students’ luncheon and students’ banquet 
will be held to complete the students’ pro- 
gram. ‘There will also be special entertain- 


Tentative Technical Program 


ment for the ladies at the meeting on both 
days. 

The technical meetings will be held at the 
Hotel Hayes and the students’ activities for 
the main part will be held at the Otsego 
Hotel, with one meeting being scheduled 
for the Public Library Auditorium. The 
subjects of the various sessions and the 
tentative titles and authors of the papers to 
be presented at these meetings will be found 
in the program. 

One of the papers, entitled ‘‘Transmission 
Substation Design—A Departure From the 
Usual,’ will deal with some of the design 
features of the Verona Transmission Sub- 
station at Battle Creek on the Consumers 


Great Lakes District Meeting, Jackson, Mich., May 11—12 


Thursday, May 11 


9:00 a.m. Registration 


10:30 a.m. General Meeting 
12:30 p.m. Luncheon 
2:00 p.m. Motors 


DP.** The Goerges Phenomenon—Induction Mo- 
tors With Unbalanced Rotor Impedances. H. L. 
Garbarino, General Electric Company; £. T. B. Gross, 
Illinois Institute of Technology 


DP.** Application of Motors and Control to Air 
Compressor Drive. G. F. Johnson, Joy Manufacturing 
Company 


DP.** Commutation in Universal-Type Motors. 
L. C. Packer, Westinghouse Electric Corporation 


2:00 p.m. 


50-123. Series-Connected Saturable Reactor With 
Control Source of Comparatively Low Impedance. 
H. F.. Storm, General Electric Company 


Magnetic Amplifiers 


DP.** Application of Magnetic Amplifiers. F. NV. 
McClure, Westinghouse Electric Corporation 


DP.** Comparison of Graphical Analysis of Mag- 
netic and Vacuum Tube Amplifiers. R. E. Lee, 
Westinghouse Electric Corporation 


2:00 p.m. 


DP.** Design of Rural Electric System. C. M. 
Stanley, Stanley Engineering Company 


50-124—-ACO.* Future Planning for a 13,800-Volt 
Subtransmission System and Associated Rural Dis- 
tribution Systems. R. W. Brown, Interstate Power 
Company 


DP.** Practical Experiences With Resonant 
Grounding in a Large 34.5-Kv System. H. H. Brown, 
Wisconsin-Michigan Power Company; E. T. B. Gross, 
Illinois Institute of Technology 


50-125. Effects of Supply Line Unbalance on the 
Filtered Output Ripple of Polyphase Rectifiers. 
C. K. Hooper, C. H. McAdie, Westinghouse Electric 
Corporation 


DP.** Voltage Regulation of Suburban and Rural 


Distribution 


Feeders. W. L. Peterson, Allis-Chalmers Manufacturing 
Company 
2:00 p.m. Graduate Student Technical 
Papers 


Public Library Auditorium 


* ACO: Advance copies only available; not intended 
for publication in Transactions. 


** DP: District paper; no advance copies are 
available; mot intended for publication in Transactions. 


May 1950 


2:00 p.m. Inspection Trip to Consumers 
Power Company—Bryce E. Morrow Plant 


6:30 p.m. Banquet—Informal 


Ball Room, Hotel Hayes 


Friday, May 12 
9:30 a.m. 


DP.** Modern Power Supply Facilities. 
Foote, Commonwealth Services, Inc. 


DP.** Problems in the Design and Application of 
Large Turbine Generators. A. A. Johnson, M. D. 
Ross, Westinghouse Electric Corporation 


Generation 


Sie Jee 


DP.** Telephone Influence Factor in Synchronous 
Machines. J. C. Benson, G. L. Oscarson, Electric Ma- 
chinery Manufacturing Company 


—PAMPHLET reproductions of 
authors’ manuscripts of the num- 
bered papers listed in the program 
may be obtained as noted in the 
following paragraphs. 


—PRICES for papers, irrespective 
of length, are 30 cents to members 
(60 cents to nonmembers) whether 
ordered by mail or purchased at 
the meeting. Mail orders are ad- 
visable, particularly from _ out-of- 
town members, as an adequate 
supply of each paper at the meeting 
cannot be assured. Only numbered 
papers are available in pamphlet 
form. 


—COUPON books in 9-dollar de- 
nominations are available for those 
who may wish this convenient form 
of remittance. 


—THE PAPERS regularly ap- 
proved by the Technical Program 
Committee ultimately will be pub- 
lished in Proceedings and Trans- 
actions; also, each is scheduled to be 
published in Electrical Engineering 
in digest or other form. 


Institute Activities 


DP.** High-Voltage Generator Insulation. G. L. 
Moses, Westinghouse Electric Corporation 

9:30 a.m. Transmission 

DP.** Operating Experience With Resonant 


Grounding in Power Systems in the United States 
(A Survey Report). £. T. B. Gross, Illinois Institute of 
Technology; E. W. Atherton, Railway and Industrial 
Engineering Company 


DP.** Progress Report of Utilities Research Com- 
mission Investigation of Galloping Conductors. F. 
E. Andrews, E. L. Tornquist, Public Service Company of 
Northern Illinois 


DP.** Design and Construction of 69-Ky Trans- 


mission Structures. R. G. Yerk, Hughes Brothers 


9:30 a.m. Student Technical Papers 
Otsego Hotel 


12:30 p.m. Student Luncheon 
Otsego Hotel 
2:00 p.m. Transmission 


Design—A De- 
Sayles, Consumers 


DP.** Transmission Substation 
parture From the Usual. E. V. 
Power Company 


DP.** Increasing the Voltage of a Subtransmission 
Network From 24 Ky to 40 Kv. Philip Holz, G. A. 
Strohmer, Detroit Edison Company 


DP.** Cathodic Protection of Buried Metal Struc- 
tures. R. L. Featherly, Dowell, Inc. 


2:00 p.m. Distribution 


50-126-ACO.* Meter Operating Problems of a 
Public Utility. J. C. Langdell, Commonwealth Services, 
Inc. 


nA 


DP.** Banking of Transformer Secondaries. 
Strelzoff, Michigan State College 


50-127. A New High-Interrupting-Capacity Low- 
Voltage Power Fuse. C. L. Schuck, General Electric 
Company 


DP.** Chemical Brush Control on Rural Power 
Systems. C. J. Waldron, Rural Electrification Ad- 
ministration 


DP.** Noise Evaluation of Fluorescent Lamp Bal- 


lasts. C. P. Hayes, H. R. Gould, General Electric 
Company 

2:00 p.m. Inspection Trip—Jackson 
2:00 p.m. Student Technical Papers 


Ball Room, Otsego Hotel 


6:30 p.m. Student Banquet 
Ball Room, Otsego Hotel 
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Power Company system. The Verona 
Transmission Substation is the subject for 
the cover of this issue of Electrical Engineering 
and it is intended to include this substation 
in the inspection trip which will be taken 
to the Bryce E. Morrow Plant at Kalamazoo, 
Mich., on Thursday, May 11. 

The Bryce E. Morrow Steam Plant is one 
of the recent Consumers Power Company 
steam plants and in general embodies the 
design features of all the recent generating 
plants built on the Consumers Power Com- 
pany’s system. This generating station, 
which is located on the Kalamazoo River, 
has a name-plate rating of 180,000 kw. 
Other stops will be made along the itinerary 
in addition to the previously mentioned 
Verona Substation. 

It is planned to have the inspection trip 
for Friday afternoon cover some of the 
plants in Jackson. Such plants may include 
the Sparton Radio Plant and the Goodyear 
Tire Factory. 

Reservations have been made at the 
Jackson Country Club for the playing of 
golf on both days of the meeting. The 
Committee on Entertainment would appre- 
ciate being advised on the mailed registra- 
tion card as to whether the registrant desires 
to play golf. 

Arrangements have been made for a 
sight-seeing trip for the ladies which will 
take them as far as Battle Creek and on a 
tour through the W. K. Kellogg Company 
Food Plant there on May 12. A tour of the 
Gilbert Chocolate Factory in Jackson is 
scheduled for May 11. Otherwise, the 
program remains the same as that previously 
announced, including a luncheon, card 
games, golf, and other entertainment, besides 
attendance at the main banquet which 
will be held on the evening of May 11 at the 
Hotel Hayes. 

For more complete details, including 
data on hotel rates and reservations, see the 
March issue of Electrical Engineering (p 265). 


Varied Program Promised for Visitors 


to Summer and Pacific General Meeting 


The 1950 AIEE Summer and Pacific 
General Meeting, which will be held in 
Pasadena, Calif., June 12-16, promises a 
technical program of broad interest, with 
opportunity for inspection trips, sports, and 
social recreation. In addition, Pasadena, 
which is adjacent to Los Angeles, affords 
unlimited opportunity for healthful outdoor 
enjoyment. 

The committee suggests that those who 
wish to see the Grand Canyon en route to 
Pasadena travel via the Santa Fe, since this 
railroad has a through car which stops over 
at the Grand Canyon. The Santa Fe also 
runs directly through Pasadena. The Union 
Pacific goes through Las Vegas and for those 
traveling by this railroad, it is possible to 
make a stopover to see the Hoover Dam 
Power Plant. In traveling on the Union 
Pacific, passengers should detrain at East 
Los Angeles, where busses will be available 
to take them to Pasadena. Likewise, those 
arriving on the Southern Pacific Lines 
should detrain at Alhambra, where busses 
will take them to Pasadena also. In both 
instances reservations should read through 
to Pasadena. 


INSPECTION TRIPS 

Fourteen exceedingly interesting inspection 
trips have been arranged by the committee 
in charge for the information and pleasure 
of the members attending. At the Florida 
exchange of the Sunland-Tujunga Tele- 
phone Company, one of the most complete 
installations of automatic toll ticketing and 
automatic toll accounting procedures will 
be demonstrated. At the Walt Disney 
Studios, visitors will be shown how the 
studio operates, from the development of the 
story to the review theater. A tour through 


The world-renowned Mount Wilson observatory and television stations, to be the subject 
of an early evening trip during the AIEE Summer and Pacific General Meeting 
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the two large downtown Los Angeles build- 
ings of the Pacific Telephone and Telegraph 
Company will afford an opportunity for 
members to see in operation Southern 
California’s largest communications center. 
At the Lockheed Aircraft Corporation plant 
in Burbank, home of the famous P-38 
Interceptor, F-80 Jet Fighter, and Con- 
stellation transport airplanes, it will be 
possible to see extensive plant facilities, 
manufacturing methods, and lines of air- 
planes in current production. 

The inspection trip to the studios of station 
KFI-TV will not only include the studio, 
associated control room, and other equip- 
ment, but also participation in a daytime 
television program. At the Fontana Works 
of the Kaiser Steel Corporation will be seen 
the only steel mill on the Coast with its own 
coke ovens and blast furnaces, as well as 
open hearth furnaces and steel finishing 
facilities. A tour of the California Institute 
of Technology campus will include the 
Analogue and IBM Digital Computors and 
a demonstration of high-voltage and di- 
electric investigations. An early evening 
trip will be made to the world-renowned 
Mount Wilson Observatory and Television 
Stations. In order to see the Palomar 
Observatory, a special all-day trip has been 
arranged, The total round-trip distance 
from Pasadena by bus is 260 miles, and it 
is suggested that the trip be undertaken 
only by those who will suffer no ill effects 
from the time and distance involved in such 
long rides. 

Visitors to the Pasadena meeting should 
not miss seeing the University of California 
at Los Angeles because of the outstanding 
architecture of its buildings and the spacious- 
ness of its campus. At the Redondo Steam 
Station of the Southern California Edison 
Company ocean water, used in vast quan- 
tities for cooling purposes, is pumped to 
and from the station through two submarine 
tunnels extending 1,900 feet into the sea 
along the ocean bottom. At the Mesa 
Substation of this company will be seen the 
terminating and switching apparatus for the 
carrier current equipment used for com- 
munication and load telemetering purposes. 
At the Harbor Steam Plant of the City of 
Los Angeles Department of Water and 
Power is the largest municipally owned 
steam plant in the United States. Also to 
be visited is Receiving Station E where the 
Hoover transmission voltage is stepped down 
from 287 kv to 132 kv. 


HOUSING ACCOMMODATIONS 


All of the housing accommodations except 
those at the California Institute of Tech- 
nology have a deadline for reservations of 
June 1, so it is essential to write for reserva- 
tions, utilizing the following hotel informa- 
tion. Address: Earl §S. Condon, 1151 
South Broadway, Los Angeles 15, Calif. 
Names of individuals and arrival time must 
be included. 

The Huntington Hotel is the headquarters 
of the Summer and Pacific General Meeting 
and the technical sessions and the committee 
meetings will be held there. ‘The somewhat 
limited capacity of the Huntington has been 
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reserved for the Institute officers and 
Section and District representatives. 

Huntington Hotel. Maximum rates 
based on double occupancy of each room 
will be $12-$14 per day per person American 
plan. To utilize the Huntington accommo- 
dations to the fullest extent there will be a 
number of twin double rooms requiring 
double occupancy in each. These rooms 
have a bath off a private passageway. be- 
tween rooms. 

Constance Hotel—Pasadena. (Within 
two miles of the Huntington.) Rates are 
$5 per day single, $7-$8 per day double 
European plan; private bath with every 
room. 

Green Hotel—Pasadena. (Within 21/, 
miles of the Huntington.) Rates are $7 
per day for double occupancy, European 
plan. Some suites (two double rooms with 
bath between) are available at the same 
rate. 

Pasadena Motels. Recommended for 
visitors with cars, the rates and facilities are 
variable. Average rates are $4 single, 
$5.50 double, $7 triple, $8.50 quadruple. 

California Institute of Technology— 
Pasadena. (About one mile from hotel.) 
Offers dormitory rooms on campus, single 
occupancy only $3 per day, bath with each 
4-room group. Garage is free. Breakfast 
is available in cafeteria on the campus. 

Los Angeles Biltmore. (About ten miles 
and one-half hour from Huntington via 
Pasadena Freeway.) It is strongly suggested 
that occupancy start Sunday, June 11. 


Future AIEE Meetings 


AIEE Conference on Electrical Engineer- 
ing Problems in the Rubber and Plastics 
Industries 

Portage Hotel, Akron, Ohio 

May 5, 1950 


Conference on Improved Quality Elec- 
tronic Components 

Department of Interior Auditorium 
Washington, D. C. 

May 9-11, 1950 


Great Lakes District Meeting 
Hotel Hayes, Jackson, Mich. 

May 11-12, 1950 

(Final date for submitting papers—closed) 


Conference on Telemetering 
Benjamin Franklin Hotel, Philadelphia, Pa. 
May 24-26, 1950 


Summer and Pacific General Meeting 
Huntington Hotel, Pasadena, Calif. 
June 12-16, 1950 


(Final date for submitting papers—closed) 


Middle Eastern District Meeting 
Lord Baltimore Hotel, Baltimore, Md, 
October 3-5, 1950 

(Final date for submitting papers—July 5) 


Fall General Meeting 
Skirvin Hotel, Oklahoma City, Okla. 
October 23-27, 1950 


(Final date for submitting papers--July 25) 


1951 Winter General Meeting 

New York, N. Y. 

January 22-26, 1951 

(Final date for submitting papers—October 24) 


May 1950 


Los Angeles terminal, on roof of the Mutual Building, of the Los Angeles-Catalina 
Island radio link—which may be visited during the AIEE Summer and Pacific General 
Meeting in Pasadena, Calif. 


Singles are $7-$10 per day; double, $9.50— 
$14 per day; suites $18-$24 and $30 per 
day, European plan. All have private 
baths, 

All reservations must be vacated not later 
than Saturday, June 17, because the Na- 
tional Shrine Convention has reserved all 
available hotel accommodations within a 
100-mile radius of Los Angeles. 

Transportation between the official hotels 
listed and the Huntington Hotel Head- 
quarters will be available at a nominal 
charge, covering the complete scheduled 
day and evening activities. Electric inter- 
urban service at frequent intervals is avail- 
able between all hotels and the Huntington. 


ENTERTAINMENT 


On Monday, June 12, a noon luncheon 
will be held in the banquet room of the 
Huntington Hotel. Arrangements are being 
made for a speaker of national prominence 
who will speak on a subject of immediate 
interest to all in attendance. In the evening 
at 8 p.m. a program of motion pictures will 
be presented in the theater of the Huntington 
Hotel. Included on the program will be 
full-color movies of the January 2, 1950, 
Tournament of Roses Parade. Admission 
will be free to those in attendance at the 
convention. 

Tuesday, June 13, will include an informal 
barbecue and Aquacade Show to be held 
around the beautiful Huntington Hotel 
pool in the evening. The Aquacade will 
consist of beautiful and spectacular per- 
formances by expert swimmers and divers, 
including stars from the American Olympic 
Team. Following the show, there will be 
an informal reception for the President on the 
terrace overlooking the pool. 

The inspection trip to Mount Wilson 
will be held on Wednesday and on ‘Thursday 
evening the banquet will be held on the 
terraces around the Huntington Hotel pool. 
The show has been arranged to feature well- 
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known stars of the screen, radio, and tele- 
vision. Since the Huntington Hotel is noted 
for its excellent cuisine, and Los Angeles 
is the entertainment capital of the world, 
it is certain that this night should prove to 
be the highlight of the meeting. Dress will 
be informal for this affair as well as all other 
entertainment features at the Summer 
Meeting. No events will be scheduled 
which will require formal dress for either the 
ladies or gentlemen. It is suggested that 
the ladies provide themselves with light 
wraps for these outdoor evening activities. 

In addition to the afore-scheduled enter- 
tainment, tickets for radio shows, television 
shows, and other local entertainment will 
be available and arrangements for a wide 
variety of entertainment can be made at the 
information desk in the lobby of the Hunting- 
ton Hotel. 


LADIES’ EVENTS 


An interesting week of entertainment will 
begin for the ladies attending with an in- 
formal garden tea on Monday afternoon at 
the Hotel Huntington. For Tuesday, a 
tour has been planned through Hollywood 
and Beverly Hills where homes of various 
motion picture celebrities may be seen, with 
a short stop at Grauman’s Chinese Theater 
to see the footprints of the stars. Con- 
tinuing via Sunset Boulevard towards the 
ocean and past the University of California 
at Los Angeles, the group will stop for 
luncheon at the Club Del Mar at Santa 
Monica, on the Pacific Ocean. The return 
trip will be via Wilshire Boulevard, the 
locale of some of Southern California’s 
smartest shops. 

On Wednesday afternoon, June 14, a tour 
of Pasadena will be taken, including visits 
to the world-famous Huntington Library, 
Art Gallery, and Botanical Gardens in 
San Marino, and also to the historic old 
Mission San Gabriel. Thursday morning 
will be devoted to a trip through California’s 
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“Bess Number 1,’ one of two 1,200-ton capacity blast furnaces of the Kaiser Steel 
Corporation at Fontana, scheduled for inspection during the coming AIEE Summer 


and Pacific General Meeting. 


famous orange groves, ending with a con- 
ducted tour of an orange packing plant. 
An audience participation show has been 
arranged for the afternoon by television 
station AFI-TV. 

Time for visiting and shopping has also 
been allowed and arrangements for other 
activities may be made on request to the 
Committee of Ladies at the Information 
Desk. 


SPORTS 


Golf (for men only). The Annual Golf 
Tournament will be a one-day 18-hole 
tournament at Pasadena’s Brookside Park, 
in the shadow of the Rose Bowl. It will be 
held on Tuesday morning, June 13. For 
AIEE members, there will be an 18-hole 
medal play at handicap for the Mershon 
Trophy Low Gross, Low Net on Kickers 


Annual Meeting 


The annual meeting of the American 
Institute of Electrical Engineers will 
be held in Pasadena, Calif., at 10:00 
a.m., Monday, June 12, 1950, during 
the Summer and Pacific General 
Meeting. 

At this meeting the annual report of 
the Board of Directors and the reports 
of the Committee of Tellers on the 
ballot cast for the election of officers will 
be presented. The Lamme Medal will 
be presented to C. M. Laffoon (A ’24, 
M 739, F 45). 


Such other business, 


if any, as 
properly may come before the annual 
meeting may be considered. 


Signed H. H. HENLINE 


Secretary 
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In the background are the Sierra Madre Mountains 


Handicap Prizes. Pacific Coast AIEE 
members will play 18 holes at handicap 
for the Fisken Cup. 

Tennis. There are two excellent courts 
at the Huntington Hotel and it is planned to 
have a Men’s Singles and Doubles Tourna- 
ment for members and registered guests. 
Members in the Singles will compete for 
the Mershon Trophy, and prizes will be 
awarded for the winner and the runner-up 
in both the Singles and the Doubles Tourna- 
ments. 


STUDENT ACTIVITIES 


Technical sessions featuring papers pre- 
sented by students are scheduled for 9:00 
a.m. on both Thursday and Friday. Both 
of these Student Technical Sessions will be 
held at the California Institute of Tech- 
nology. At 12 noon on Thursday a student 
luncheon will be held at the Athenium on 
the campus of the California Institute of 
Technology, to be attended by representa- 
tives and Counselors. A prominent speaker 
is promised for this occasion. ‘The Prize 
Paper Session will be held at the California 
Institute of Technology at 3:00 p.m. on 
Thursday. This year the winners of Dis- 
trict Branch prizes from the even-numbered 
Districts will be invited to represent their 
prize-winning papers. 


Program_Issued for Conference on 
Rubber and Plastics Industries 


As announced previously, the third annual 
Conference on Electrical Engineering Prob- 
lems in the Rubber and Plastics Industries 
will be held in Akron, Ohio, on Friday, 
May 5, from 8:00 a.m. to 5:30 p.m. Head- 
quarters will be at the Hotel Portage. This 
conference is being sponsored by the AIEE 
Subcommittee on Rubber and _ Plastics 
Industries” (of the General Applications 
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Committee) in co-operation with the AIEE 
Akron Section. 

Advance registration is requested, through 
use of the mailed registration card, to con- 
serve time at the one-day conference. The 
registration fee, for both members and non- 
members of AIEE, of $1.50 is required in 
order to make the conference financially 
self-supporting. Reservations for the 
luncheon to be held in the Hotel Portage 
at 12:00 noon at $2 per plate also should be 
indicated on the mailed card. The luncheon 
reservations must be made and paid for by 
Wednesday, April 19. 

Advance copies of the individual con- 
ference papers will not be published. How- 
ever, all of the papers will be included in a 
single booklet, copies of which may be 
reserved. Prices for the booklet will be 
determined by printing costs, to be billed 
when booklets are mailed. (Previous issues 
were $1.50 for AIEE members and $3 for 
nonmembers. ) 

When the registration and reservation 
card has been completed it should be re- 
turned to: W. R. Wagner, 105 Fir Hill, 
Akron 4, Ohio. Mr. Wagner also will 
supply additional registration cards upon 
request. Checks or money orders should 
be made payable to: Akron Section AIEE. 

Persons desiring hotel reservations in 
Akron should communicate directly with 
the hotels. The Hotel Portage offers single 
rooms from $3.50 per day up; the Hotel 
Mayflower, from $3.85 per day and up. 

The personnel of the AIEE Subcommittee 
on Rubber and Plastics Industries is as 
follows: 


R. F. Snyder, Chairman, A. T. Bacheler, B. J. Dalton, 
J. Gammell, K. W. John, G. V. Kullgren, J. F. Moore, 
B. J. Morgan, W. L. Ringland, V. S. Sywulka, O. M. 
Bundy, W. S. Watkins, C. E. Robinson, R. G. Rudrow, 
H. J. Sucrest, R. E. Seddon, H. L. Smith 


The Committee on Local Arrangements 
consists of: 


A. G. Seifried, Chairman; W. R. Wagner, Secretary- 
Treasurer; F. A. Green, F. J. Ilse, H. G. Shively 


The one-day program for the conference 
is as follows: 


Morning Session 


Calender Auxiliary Drives Including Constant Ten- 
sion Winder Drives for Film and Fabric. /. E. 
Andreasen, General Electric Company, Schenectady, 
INE Ys 


Industrial Lighting of Factory and Office for Rubber 
and Plastic Plants. E. A. Linsday, General Electric 
Company, Cleveland, Ohio 


Choice of Motor Speeds for Rubber Mill Room 
Service. J. H. Skeen, United States Rubber Com- 
pany, New York, N. Y. 


Recent Developments in Process Sequence Control. 
E. B. Sutherland, Emmett Machine Company, Akron, 
Ohio; T. C. Jones, National Rubber Machinery, Akron, 
Ohio 


12:00-1:30 p.m. Luncheon 


Afternoon Session 


The Role of Electronics in the Rubber and Plastics 


Industries. E. H. Vedder, Westinghouse Electric 
Corporation, Buffalo, N. Y. 
Industrial Communication and Paging. W. S. 


Watkins, The Ohio Rubber Company, Willoughby, 
Ohio 


Electrostatic Casualties in the Rubber and Plastics 
Industries. Robin Beach, Engineers Associated, Brook- 
lyn, N. Y. 


The New Safety Code for Mills and Calenders in the 
Rubber Industry. E. W. Beck, United States Rubber 
Company, New York, N. Y. 


ELECTRICAL ENGINEERING 


Arrangements Completed for 
Electronic Components Conference 


Final arrangements have been completed 
for the Conference on Improved Quality 
Electronic Components to be held in Wash- 
ington, D. C., May 9-11, 1950. Sponsors of 
the conference are the AIEE, the Institute of 
Radio Engineers, and the Radio Manufac- 
turers Association, to be actively assisted by 
the National Bureau of Standards and the 
United States Department of Defense. A 
tentative program for the conference, indi- 
cating session subjects and authors, was in- 
cluded in the April issue (p 368). 

Headquarters hotel for the conference is 
the Roger Smith, and the sessions will be held 
in the nearby Department of Interior Audi- 
torium. The fee for advance registration is 
$2, while registration at the door will cost $3. 
Also, a consolidated booklet of papers and 
discussion at the conference is scheduled for 
early publication at $2.50 per copy. The 
mailed registration card, properly com- 
pleted, together with a check or money order 
for the advance registration fee and advance 
orders for the booklet, if desired, should be 
sent to: Arthur E. Zdobysz, 5510 Parkland 
Courts S.E., Washington 19, D. C. Checks 
should be made payable to Mr. Zdobysz. 

It is suggested that hotel reservations be 
made as soon as possible. Blocks of rooms 
have been reserved at the following hotels: 
Roger Smith, Raleigh, Hamilton, New 
Colonial, Ambassador, Lafayette, Lee House, 
Blackstone, Martinique, and National. 


Technical Program Released 
for Conference on Telemetering 


All persons interested in telemetering are 
invited to attend the special technical Con- 
ference on Telemetering which is to be held 
at the Benjamin Franklin Hotel, Philadel- 
phia, Pa., May 24-26, 1950, as announced 
in the March issue (EE, Mar ’50, p 267). 
The objective of the conference, which is 
sponsored jointly by the AIEE Joint Sub- 
committee on Telemetering and the National 
Telemetering Forum, is to bring together 
two branches of the telemetering art, the 
“‘point-to-point’”’ and the “‘mobile.”’ 

An interesting inspection trip through the 
Research and Development Laboratories of 
the Franklin Institute is scheduled for Wed- 
nesday morning, May 24. ‘Those who file 
clearance with the Security Officer, Inspector 
of Naval Material, 17 Brief Avenue, Upper 
Darby, Pa., will be given an added tour of 
the Restricted Project Work of the institute. 
Telemetering system exhibits also will be 
available. Local transportation will be pro- 
vided from the hotel to the Franklin Institute. 

The registration fee for the Conference on 
Telemetering will be $3.50 for advance regis- 
tration and $4 for those who register at the 
time of the conference. All papers presented 
on the program, together with related dis- 
cussion, are scheduled for publication in 
booklet form to be priced at $3.50 per copy. 
Copies may be ordered at the conference. 
However, advance orders are requested. 

Advance registration and advance orders 
for the booklet should be sent to S. E. Moore, 
Philadelphia Electric Company, 900 Sansom 
Street, Philadelphia 5, Pa. Make checks 
payable to: AIEE-NTF, M. J. A. Dugan, 
Treasurer. Reservations should be made 
early with the Benjamin Franklin Hotel. 
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The Franklin Institute in Philadelphia, Pa., which will be the subject of an interesting 
inspection trip on Wednesday, May 24, of the Technical Conference on Telemetering 


Program 


AIEE / NTF Conference on Telemetering 


Wednesday, May 24 


9:00 a.m. Registration 
10:00 a.m. Inspection trip to Franklin 
Institute 


2:00 p.m. General Features of Tele- 


metering 
Call to order by W. J. Mayo-Wells, Conference Chair- 


man 


Introduction of W. F. Henn, Chairman of AIEE Phila- 
delphia Section 


Address of Welcome by W. F. Henn 


Turning over of chairmanship by W. J. Mayo-Wells to 
G. M. Thynell, Vice-Chairman of conference 


Historical Notes on Point-to-Point Telemetering. 
P. A. Borden, The Bristol Company 


Historical Sketch of Mobile Telemetering. W. J. 
Mayo-Wells, Applied Physics Laboratory, The Johns 
Hopkins University 


Telemetering Terminology. J. F. Brinster, Applied 


Science Corporation 


Understanding Accuracy. H.C. Thomas, E. E. Lynch, 
General Electric Company 


Functional Analysis of Telemetering Systems. W. H. 


Burnham, General Electric Company 


Thursday, May 25 


9:00 a.m. 


C. H. Hoeppner, Chairman 


Telemetering in the Natural Gas Industry. 
Rufleth, The Bristol Company 


Telemetering Systems 


W. E. 


Telemetering at the Naval Research Laboratories. 
K. M. Uglow, Rocket Sonde Research Branch, Naval 
Research Laboratories 


Telemetering in a Large Interconnected Power 
System. C. K. Duff, Hydro-Electric Power Commission 
of Ontario 


APL FM/EM System. J. W. Hamblen, Applied Physics 
Laboratory, The Johns Hopkins University 


A High-Speed System of Telemetering, Using Fre- 
quency asa Translating Means. W. EL. Phillips, Leeds 
and Northrup Company 


2:00 p.m. Telemetering Systems 
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P. A. Borden, Chairman 


Applications of Rectified Current to Telemetering 
on a 2-Conductor Circuit. F. F. Uehling, Consulting 
Engineer 


Telemeter Computing Systems for Industrial Process 
Functions. A. J. Hornfeck, Bailey Meter Company 


An Electromechanical Transducer. H. W. Kretsch, 
J. F. Engelberger, Manning, Maxwell and Moore 


Specialized Problems in Rocket Telemetering. 
Marcus O’ Day, Air Materiel Command 
Telemetering at Glenn L. Martin. J. M. Pearce, 


Glenn L. Martin Company 
Friday, May 26 


9:00 a.m. Telemetering Systems and 
Pickups 

W. D. Tietjens, Chairman 

Radiosonde Telemetering. L. E. Wood, Friez Division, 


Bendix Aviation Company 


Special Transducers for Basic Parameter Electric 
Conversions. C. A. Dyer, Minneapolis-Honeywell 
Regulator Company 


Unbonded Strain Gauge Telemetering Pickups. 
C. E. White, Stratham Laboratories, Inc. 


Temperature Pickups and Their Use With Magnetic 
Amplifiers. V.C. Westcott, Trans-Sonics Inc. 


Solar Pickup. L. M. Biberman, Naval Ordnance Testing 
Station, Inyokern 

2:00 p.m. 
Topics 

A. J. Hornfeck, Chairman 


The Metrotype System of Digital Recording and 
Telemetering. G. E. Foster, Metrotype Corporation 


Aeronautical Telemetering. MM. V. Kiebert, Jr., Ray- 
mond Rosen Engineering Products, Inc. 


Data Presentation and Other 


Sweep Balance Telemetering. G. Keinath, Consulting 
Engineer 
A Semiautomatic Method of Reducing Telemetered 
Oscillogram Data. J. Weaver, Telecomputing Cor- 
poration 


The Present Status of Data Reduction Requirements. 
B.S. Benson, Douglas Aircraft Company 


Performance Results of the Ampex Magnetic Tape 
Recorder Recording Frequency Modulation and 
Pulse Width Telemetering Data. M. J. Stolaroff, 
Ampex Electric Corporation 
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Increased Prestige Sought 
for Fall General Meetings 


At its meeting on February 2 and 3, 1950, 
the AIEE Board of Directors expressed re- 
gret that the Fall General Meeting of the 
Institute has not thus far been accepted as 
equivalent to the Winter and Summer 
General Meetings, and discussed possible 
solutions of the difficulty. 

When the Fall General Meeting was intro- 
duced, it was intended as annual Institute 
meeting for the members in the middle area 
of the United States, many of whom cannot 
attend the other meetings. It was hoped, 
also, to relieve the pressure on the technical 
programs of the Winter and Summer General 
Meetings. Thus far, however, there has been 
difficulty in securing adequate numbers of 
papers for the Fall General Meeting, and the 
programs of the other large meetings have 
continued to be heavier than desirable. For 
example, in the year 1947-48, the Fall 
Meeting presented 60 papers while the 
Winter Meeting had a total of 217 papers. 
For the year 1948-49, the Fall General 
Meeting program had increased to 125 
papers, but the Winter Meeting program 
also saw an increase, to 233 papers. At the 
latest of the Fall Meetings, the 1949 Fall 
General Meeting, 125 papers again were pre- 
sented, while the program for the January 
1950 Winter General Meeting increased still 
further, to an unprecedented 243 conference 
and technical program papers. However, it 
is realized that the Fall General Meeting is a 
new activity and so needs stimulation if it is 
to attain the prestige of the other general 
meetings of the Institute. 

The 1950 Fall General Meeting is sched- 
uled for October 23-27 in Oklahoma City, 
Okla. With July 25 as the final date for sub- 
mitting papers, there is still time to make this 
a successful and worth-while addition to the 
Institute’s annual meetings. 


Former Subsection Becomes 
Northeastern Michigan Section 


On March 15, 1950, the first regular 
meeting of a new AIEE Section, the North- 
eastern Michigan Section, was held at 
Frankenmuth, Mich., with a special Ladies’ 
Night program, Present at the ceremonies 
were 208 members and their wives who also 
heard a lecture on “Modern Home Design.”’ 

The group was originally organized in 
1945 as the Saginaw Valley Subsection of 
the Michigan Section, including in_ its 
territory the cities of Flint, Owosso, Saginaw, 
Midland, and Bay City, Mich. After 
recommendation by the Sections Com- 
mittee and approval by the Board of Di- 
rectors of the change of status, the Michigan 
Section on February 21, 1950, appointed the 
elected officers of the Saginaw Valley Sub- 
section to act as temporary officers and 
directors of the Northeastern Michigan 
Section until the next regular election, ‘The 
Chairman is E, L. Holmgren, Kuhlman 
Electric Company, Bay City, Mich. T. O. 
Morgan, General Motors Corporation, Buick 
Motor Division, Flint, Mich., is Vice- 
Chairman, and F. H. Justin, Dow Chemical 
Company, Midland, Mich., is Secretary- 
Treasurer. 

The new Section has 100 Institute mem- 
bers and 105 local members. 
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AIEE Approves Recommendations 
of London Engineering Meeting 


The Conference of Representatives From 
the Engineering Societies of Western Europe 
and the United States of America was re- 
sumed, after a year’s adjournment, in Lon- 
don, England, September 19-23, 1949. 
Several recommendations were adopted by 
the conference and referred to the partici- 
pating societies for their consideration. 

Among those recommendations which 
were approved by the AIEE Board of 
Directors at their February 1950 meeting 
were: that participating societies advise 
foreign students about trips through their 
territories; that close co-operation be 
effected between the societies and UNESCO; 
and that abstracting services in the engi- 
neering field be co-ordinated more closely 
and a working party be set up for this 
purpose. It was proposed that the next 
meeting of the conference be held in Holland 
in the autumn of 1951. 

The Institute was represented at the con- 
ference by AIEE Secretary H. H. Henline. 


President and Mrs. Fairman 
Visit AIEE Georgia Section 


AIEE President and Mrs. James F. 
Fairman were guests of the Georgia Section 
at dinner on March 1, 1950, in the Georgia 
Institute of ‘Technology’s Brittain Hall. 
Approximately 104 members and wives 
were in attendance to hear Mr. Fairman 
speak on the statistical analysis of the recent 
AIEE poll on engineering unification, and 
to hear him discuss the current poll. W. P. 
Hammond, Vice-President in charge of 
engineering, Georgia Power Company, acted 
as toastmaster, and L. M. Shadgett, Vice- 
President and Athens Division Manager of 
the Georgia Power Company, a former 
associate of Mr. Fairmans’, introduced Mr. 
Fairman. 

Prior to the principal address by Mr. 
Fairman, members and their guests were 
entertained by a short program of legerde- 


main, after which the Fellows of the Georgia 
Section were enumerated and those present 
visibly recognized. Among those present 
were H. E. Bussey, Cherry L. Emerson, 
John M. Flanigen, H. G. Harvey, and John 
E. Mellett. 

The Georgia Section took the opportunity 
of Mr. Fairman’s visit to present its first 
Past Chairman’s key to Robert O. Loomis, 
Georgia Section Chairman in 1948-1949. 
Presentation was made in the name of the 
section by Otis O. Rae. 

Preceding the evening activities, Mrs. 
Fairman was the luncheon guest of the wives 
of the Section members, while Mr. Fairman 
and the Section officers were the guest of 
Georgia Section Member C. B. Mc- 
Manus, President of the Southern Company 
and also of the Georgia Power Company. 


F. O. McMillan Addresses 
Richland Section Meeting 


With “Engineering Co-operation” as his 
topic, Professor F. O. McMillan, Head of the 
Electrical Engineering Department at Ore- 
gon State College, was the main speaker at 
the dinner meeting held by the AIEE Rich- 
land (Wash.) Section on March 10, 1950. 
Professor McMillan was introduced by Dean 
F, Ellis Johnson, General Electric Company, 
Nucleonics Department Educational Direc- 
tor. Also, R. B. Crow, Secretary-Treasurer 
of the Richland Section, reported his recent 
trip to the 1950 AIEE Winter General Meet- 
ing in New York as a member of the Nominat- 
ing Committee from District 9. 

In his address, Professor McMillan traced 
the development of the engineering technical 
and professional societies in the United 
States from the formation of the American 
Society of Civil Engineers in 1852 to the 
present date (the AIEE was formed in 1884), 
and he stressed the value of the close work be- 
tween the several engineering groups which 
has resulted in the world-wide renown and 
acclamation enjoyed by the American engi- 
neer and his accomplishments. 

Professor McMillan described the efforts 
of Professor Charles F. Scott, President of 
AIEE in 1902-03, which resulted in the 


Shown at a dinner held during AIEE President Fairman’s recent visit to the Georgia 

Section are, left to right, W. P. Hammond, toastmaster for the occasion; Mr. Fairman; 

L. M. Shadgett, who introduced Mr. Fairman; and E, S. Lammers, Jr., Georgia Section 
Chairman 
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Attending the AIEE Richland Section dinner meeting on March 10, left to right: H.R. 
Hughes; Dean F. Ellis Johnson, who introduced the evening’s speaker; F. J. Mollerus; 
W. J. Dowis; Professor F. O. McMillan, main speaker at the meeting; R. B. Crow; 
O. Mageehon; L. C. Ford. Messrs. Dowis, Mollerus, and Crow are officers and Messrs. 
Hughes, Mageehon, and Ford are members of the Executive Committee of the Section 


Andrew Carnegie gift of $1,500,000 in March 
of 1904 to construct the Engineering Socie- 
ties Building and Library in New York. 
The speaker also detailed the work in which 
he is currently engaged as the AIEE repre- 
sentative on the Inter-Society Committee 
studying ways and means of improving the 
operation of the college student engineering 
chapters. 

Throughout his discussion, Professor Mc- 
Millan emphasized the fact that engineers, 
as a group, owed a great deal to their com- 
munities for providing the engineering oppor- 
tunities. Hence, the engineer should take a 
more active part in community affairs which 
are not purely of an engineering nature. He 
also described the engineering societies’ 
thinking and planning in professional activi- 
ties which are moving toward the formation 
of an over-all society for engineers. 


South Carolina Student Branch 
Sponsors Meeting of Subsection 


On March 13, 1950, the AIEE Student 
Branch at the University of South Carolina, 
Columbia, sponsored a meeting of the 
Columbia Subsection. Five student papers 
were presented at the meeting. 

Chosen best paper of the evening by 
judges W. H. Kendrick, Vice-President of 
the South Carolina Electric and Gas Com- 
pany; Herbert Eidson, Chief Engineer of 
radio station WIS; and Oren Long, engi- 
neer for the Southern Bell Telephone and 
Telegraph Company; was “Artificial Trans- 
mission Line Demonstration,’ by R. A. 
Marelli. Mr. Marelli’s paper also was pre- 
sented at the Southeastern Student District 
Meeting at the Georgia Institute of Tech- 
nology, April 13-15. 


George Washington Branch 
Visits Generating Station 


Twenty members of the AIEE George 
Washington University Branch, Washington, 
D. C., took advantage of the opportunity on 
March 8, 1950, to make a field trip to the 
Potomac Electric Power Company’s new 
Potomac River generating station. 
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The 3-hour inspection tour of Washing- 
ton’s newest power plant included observa- 
tion of the plant’s “‘smoke cleaning system,” 
explanation and demonstration of the control 
station and main control room operation, and 
a squint into the 3,000-degree flame that 
generates steam for the company’s newest 
1!/o-million-dollar 80,000-kw turbogenerator. 
The George Washington engineers also 
examined the ordinarily inaccessible parts 
of the plant’s number 2 turbine which is now 
being assembled. 


COMMITTEE 
ACTIVITIES 


Editor's Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


Communication Group 


Committee on Telegraph Systems. (J. S. 
Coggeshall, Chairman; J. A. Duncan, Jr., 
Vice-Chairman; E. C. Chamberlain, Secretary.) 
This committee recently held a meeting to 
discuss the scope, obtain opinions from 
committee members as to appropriate 
subjects for future papers, and investigate 
the possibility of timely papers for general 
and District meetings. Consequently, dis- 
cussion centered on subjects which it was 
believed had not been adequately covered 
in Institute publications and which might 
offer fertile ground for investigation, such 
as telegraph terminal equipment, inter- 
national standardization, facsimile, station 
selectors, and modulation. 

During the discussion it was mentioned 
that any papers presented should separate 
telegraph equipment from various media of 
communication, as the latter would more 
logically fall under other communication 
committees. However, it was pointed out 
that this separation has caused a lack of 
information on system planning. Informa- 
tion on terminal equipment and communica- 
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tion channels would be of considerably more 
value if it could be combined into descrip- 
tions of entire systems. It was agreed there 
might be considerable advantage in joint 
meetings between this committee and the 
closely allied committees to discuss this 
possibility. 


General Applications Group 


Committee on Land Transportation. (H. 
F. Brown, Chairman; L. W. Birch, Vice- 
Chairman; R. L. Kimball, Secretary.) This 
committee has been giving considerable 
thought to subjects for suitable technical 
papers, endeavoring to keep in touch with 
all new developments in its field. Recently 
one of the important papers presented 
covered the application of a mercury-arc 
rectifier for use on multiple-unit cars and 
other forms of motive power on a-c railways 
and discussed the performance of a car 
equipped with such apparatus on an a-c 
electrified railroad. This important de- 
velopment marks a new milepost in electric 
traction and would seem to offer new possi- 
bilities in the application of electric power 
to railroad operation. 

It was thought that papers dealing with 
diesel-electric equipments and problems 
would be suitable for a western meeting, 
such as the Summer and Pacific General 
Meeting. The committee plans to develop 
papers to constitute a miultiple-unit car 
session and a light traction session at a 
future meeting. 

The chairman has urged greater co- 
ordination between the activities of this 
committee and the Electric Section, Engi- 
neering Division of the Association of Ameri- 
can Railroads. 

The Standards Committee has accepted 
the subcommittec’s revision of Electric 
Control Apparatus Standards. 

Last November a questionnaire on heavy 
traction electrification was mailed to 12 
operating companies, including steam rail- 
roads, metropolitan districts, and an elec- 
trified interurban road, which seemed to 
cover the field from the standpoint of various 
types of electrification. Eventually question- 
naires will be sent to foreign countries. 


Industry Group 


Committee on Electric Heating. (G. W. 
Scott, Jr., Chairman; J. C. Handy, Vice- 
Chairman; L. M. Duryee, Secretary.) ‘This 


committee held a meeting in January and 
reviewed the progress of its activities. A 
proposal was made and accepted to drop 
electric furnace work, as in almost every 
manufacturing plant electric furnace work 
has become metallurgical rather than 
electrical, and electrical problems of electric 
furnace desizn and manufacture have be- 
come well standardized. On the other 
hand, it was proposed that psychological 
effects of infrared heat need more study 
since data on this phase of infrared are 
lacking. The subject was referred to the 
Subcommittee on Infrared Radiation for 
future work, in addition to the subject of 
fruit ripening and flower blossom control. 


Subcommittee on Induction and Dielectric 
Heating (W. C. Rudd, Chairman). This sub- 
committee has completed its work on defini- 
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tions which have been cleared with the 
Institute of Radio Engineers, and is now 
starting a study of “Equipment Standards.” 
It has also continued work on radio inter- 
ference with the Federal Communications 
Commission. 


Subcommittee on Resistance Heating and Elec- 
tric Furnaces (L. P. Hynes, Chairman). This 
subcommittee has been able to have the 
notation of watts-density included in new 
catalogues of the major manufacturers of 
electric heating equipment, which should 
be a help to designers and users of these 
devices. 


Subcommittee on Standards of Committee 
on Industrial Control. (J. J. O’Connor, 
Chairman.) A project has been started to 
study graphical symbols for use in connection 
diagrams. American Standards Association 
Standard £32.72, which has been sponsored 
by AIEE, has now been in force for several 
years, and the standard symbols have found 
wide acceptance by both manufacturers and 
users. While these standard symbols have 
in general worked out very well, certain 
criticisms have been raised on the part of 
some user groups. They are primarily 
based on the claim that the standard symbols 
do not represent certain mechanical contact 
functions, such as on limit switches, with 
sufficient clarity. 

Universal acceptance of standard symbols 
is of paramount importance to manufacturers 
and users of control equipment alike. From 
the users’ point of view it is very desirable 
to have diagrams drawn by various organi- 
zations use uniform symbols to facilitate 
easy interpretation of such diagrams. Ow- 
ing to the importance of symbols, the 
Industrial Control Committee will study the 
adequacy of the present ASA standard 
symbols and, if it should appear desirable, 
submit proposals for revision. 

Any material which any member of the 
Institute may wish to submit for considera- 
tion will be appreciated. 


Power Group 


Committee on Insulated Conductors. (Her- 
man Halperin, Chairman; V. A. Sheals, Vice- 
Chairman; C. T. Hatcher, Secretary.) An 
important point in the creation of this new 
committee was to provide an ample avenue 
in the AIEE for advances in the art in all 
directions relating to developments, design, 
installation, and operation for insulated 
wires and cables. Some idea of the rami- 
fications of the committee’s activities are 
indicated by the names of the subcom- 
mittees, namely, Standards and Publica- 
tions, Cable Characteristics, Conductors, 
Insulations, Sheaths and Coverings, Cable 
Supply Systems, Utilization Wiring Systems, 
Special-Purpose Cable, Accessories, Struc- 
tures, and Tests and Measurements. 

The committee has a large number of 
projects under way. In addition to meetings 
of the Administration Subcommittee, there 
are held two combination meetings of the 
committee and its subcommittees during 
each administrative year. The next meeting 
will be on May 22 and 23 at the Hotel 
Sheraton, Chicago, Ill. There are almost 
100 members and special members of the 
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committee and so far the average attendance 
at meetings has been over 50. 

In the papers sponsored by the committee 
and presented at recent meetings, the main 
subjects were design of joints and potheads 
and thermal problems for installed cables. 
Several papers related to the insulation of 
different types of cable. Papers are in 
preparation regarding conduits and man- 
hole construction, lead-alloy sheathing, 
medium-pressure gas-filled cables, and so 
forth, for presentation at later meetings. 

During the past few months much time 
has been spent in preparing revised defini- 
tions for wires and cables in connection with 
the revision of the ‘‘American Standards 
Definitions of Electrical Terms’? (American 
Standards Association Standard C-42). 


Committee on Relays. (E£. L. Michelson, 
Chairman; A. J. McConnell, Vice-Chairman; 
J. R. Linders, Secretary.) During the present 
administrative year, the Committee on 
Relays initiated four new projects and four 
new Project Committees have been set up. 
Remote Tripping Schemes (H. P. Sleeper, 
Chairman). It is the objective of this Project 
Committee to collect all possible information 
on the engineering features of all types of 
existing remote tripping schemes and a state- 
ment of operating experience with each. It is 
hoped that an analysis of these data will 
enable this committee to ascertain what pri- 
mary difficulties are being experienced with 
this type of relay protection and determine 
thereby the direction in which further re- 
search is required to eliminate fundamental 
difficulties which have been experienced so 
that an economic and satisfactory basic 
engineering solution may be attained. 
Effective Vibration and Shock on Relays (C. E. 
Asbury, Chairman). The scope of this com- 
mittee will be limited to relays used on 
electric power systems and industrial appli- 
cations. It is expected that the industry will 
e surveyed in order to obtain past experi- 
ence concerning difficulties encountered with 
vibration and shock. It is hoped to obtain 
measurements of vibration and shock in a 
number of power plants and substations, 
and if possible a certain amount of testing 
will be done in the laboratory on various 


types of panels and relay mountings to 
determine how each is affected by vibration 
and shock. 

Test Methods and Equipment (G. E. Dana, 
Chairman). The principal purpose of this 
project is to study various testing methods 
being used in the industry for the purpose 
of publishing information and possibly recom- 
mendations on desirable methods. 

Pilot Wires (H. F. Lindemuth, Chairman). 
Several years ago the Committee on Relays 
published a report on operating experience 
with pilot wires. The purpose of the present 
Project Committee is to bring the published 
information in this field up to date. This 
committee also expects to gather information 
relative to new or unusual pilot-wire relaying 
schemes. 


Science and Electronics Group 


Subcommittee on Applied Mathematics 
of Committee on Basic Sciences. At a 
recent meeting it was decided that it would 
be highly desirable to bring engineers and 
mathematicians closer together. ‘The means 
suggested to attain this end was to have 
engineers submit problems involving the 
use of mathematics to this subcommittee, 
which would, in turn, translate these engi- 
neering problems into mathematical language 
and submit them to the mathematicians who 
are being invited to serve on this subcom- 
mittee. A selected number of problems 
solved will be discussed at a conference on 
mathematics, sponsored by the subcommittee 
and held at one of the AIEE meetings. 
This activity is not a ‘‘consulting service” 
but is rather a method of contact for the 
AIEE membership with the field of mathe- 
matics. Its sole object is to encourage 
engineers to use mathematics more freely 
and to enlist the interest of mathematicians 
in the application of their science to the 
pcoblems of the engineer. It is hoped that 
in time this effort will result in a closer 
relationship between engineering and mathe- 
matics to the end that few engineers would 
hesitate to use mathematics in solving their 
problems and more mathematicians would 
appreciate the usefulness of their science 
in technology. 


AIEE PERSONAE ES ee 


N. E. Funk (A’07, F°34, Member for 
Life), Director and Executive Vice-President, 
Philadelphia (Pa.) Electric Company, has 
retired after more than 40 years of service 
with the company. Mr. Funk is a Past 
President of the Institute (1943-44) and also 
a former Director of the Institute (1934-38). 
He was born in Bloomsburg, Pa., on No- 
vember 4, 1883, and received an Electrical 
Engineering degree from Lehigh University 
in 1905. Prior to his association with the 
Philadelphia Electric Company in 1907, 
Mr. Funk was an Assistant Professor at the 
Georgia School of Technology and was also 
with the Westinghouse Electric and Manu- 
facturing Company and the New York 
Central Railroad. His association with the 
Philadelphia Electric Company has been 
marked with consistent advancement from 
his first job as Assistant Foreman of Station 
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Construction. A few of the many Institute 
committees on which Mr. Funk has served 
are: Power Generation; Legislation Affect- 
ing the Engineering Profession; Edison 
Medal; John Fritz Medal Board of Award; 
and Members-for-Life Fund. Mr. Funk 
has also served on many other engineering 
societies such as The American Society of 
Mechanical Engineers, the Association of 
Edison Illuminating Companies, the 
American Society for Testing Materials, 
and the Edison Electric Institute. He is 
also a member of the Pennsylvania Electric 
Association, the Franklin Institute, the 
Engineers Club of Philadelphia (Past Presi- 
dent), and Sigma Xi. R. G. Rincliffe 
(A ’42) succeeds Mr. Funk as Director and 
Vice-President of the Philadelphia Electric 
Company. Mr. Rincliffe joined the com- 
pany in 1923 as an engineering assistant 
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and rose to the position of Vice-President in 
charge of electric operations prior to his 
present appointment. He is a member of 
many industrial associations including the 
Electrical Association of Philadelphia, the 
American Gas Association, and the Penn- 
sylvania Gas Association. Mr. Rincliffe is 
also a member of The American Society of 
Mechanical Engineers and the Franklin 
Institute. 


E. L. Moreland (A’11, F’21, Member for 
Life), Executive Vice-President, Massa- 
chusetts Institute of Technology, Cambridge, 
and R. G. Hudson (A’10, F’°41, Member 
for Life), Professor, Department of Elec- 
trical Engineering, Massachusetts Institute 
of ‘Technology, have retired. Dr. Moreland 
was born in Lexington, Va., on July 1, 
1885, and was graduated from the Johns 
Hopkins University with a Bachelor of Arts 
degree in 1905 and received a Master of 
Arts degree from the Massachusetts Institute 
of Technology in 1908. His engineering 
work consisted mainly of the development 
of steam and hydroelectric plants and prob- 
lems of power transmission and utilization 
in the public utility field and for large indus- 
trial plants. He has been a member of the 
firm of Jackson and Moreland, Boston, 
Mass., since 1919. During World War I, 
Dr. Moreland served as captain and later 
major of engineers in the American Expedi- 
tionary Forces. For his services in World 
War II the War Department awarded him 
the Medal of Freedom and President 
Truman bestowed upon him the Medal for 
Merit. He has had several books and 
technical papers published and has been 
active in many engineering societies, par- 
ticularly the Engineers’ Council for Pro- 
fessional Development and its Committee 
on Engineering Education. Dr. Moreland 
has served the Institute on many committees 
and is a former Chairman of the Boston 
Section. R. G. Hudson was born in 
Lawrence, Mass., on June 7, 1885, and 
received the degree of Bachelor of Science in 
electrical engineering in 1907. He has been 
a member of the department of electrical 
engineering at the institute since 1907 and 
has been in charge of the course in general 
science and general engineering since 1932. 
Mr. Hudson, in addition to his teaching 
duties, has carried on an extensive practice 
as consulting engineer, including Director of 
Research for the Electric Welding Com- 
mittee of the Emergency Corporation from 
1917 to 1918. Mr. Hudson is well known 
as an author and among his publications are 
“The Engineers’ Manual,” ‘An Introduc- 
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tion to Electronics,’ and ‘‘American Hand- 
book for Electrical Engineers,’ of which he 
was associate editor. He will continue with 
the Massachusetts Institute of Technology 
as a lecturer. Mr. Hudson is a member of 
the American Association for the Advance- 
ment of Science and the American Associa- 
tion of University Professors. 


William Arthur (A’12, M°17, Member for 
Life), Manager, Mid-Atlantic Region, Allis- 
Chalmers Manufacturing Company, Mil- 
waukee, Wis., has retired. Born in Wisbech, 
Cambridgeshire, England, on November 
21, 1880, Mr. Arthur was educated at the 
Railway Institute, Horwich, Lancashire, 
England, and at Liverpool (England) Uni- 
versity. He was awarded a scholarship by 
the Union of Lancashire and Chesire In- 
stitutes for proficiency in scientific and 
engineering subjects in 1899 and was also 
awarded the “Thomason”? Scholarship in 
1900. Mr. Arthur worked as an electrical 
engineer for the Lancashire and Yorkshire 
Railroad, the railway department of the 
Westinghouse Electric and Manufacturing 
Company (now the Westinghouse Electric 
Corporation), East Pittsburgh, Pa., and the 
Yale and Towne Manufacturing Company, 
Stamford, Conn., before starting his own 
manufacturing business at New Haven, 
Conn., in 1909. He has also worked for 
various other companies before his associa- 
tion with the Brown-Boveri Electric Cor- 
poration, Camden, N. J., which was pur- 
chased by the Allis-Chalmers Manufactur- 
ing Company in 1931. Mr. Arthur be- 
came Manager of the Mid-Atlantic Region 
in 1948. A. D. Brown (A’31, M’45), 
Manager of the Washington, D. C. office, 
has been transferred to the Philadelphia, 
Pa., district office, where he will take the 
position of Manager. 


Donald C. Luce (A’36, F’49), Vice- 
President in charge of electric operation, 
Public Service Electric and Gas Company, 
Newark, N. J., has been elected Vice- 
President in charge of combined operations 
and a director of the company. W. F. Tait 
(A’27, M’45), General Manager, Electric 
Department, succeeds Mr. Luce as Vice- 
President in charge of electric operation. 
E. H. Snyder (A ’27, F’49), Assistant Chief 
Engineer, Electric Engineering Department, 
has been appointed General Manager, 
Electric Department. 


Dayton Ulrey (A’34), Manager, Lancaster 
Engineering Section, Tube Department, 
Radio Corporation of America, Lancaster, 
Pa., has retired and will remain associated 
with the company in a consulting capacity. 
Dr. Ulrey was born in North Manchester, 
Ind., on September 19, 1884, and received 
the degrees of Bachelor of Arts and Master 
of Arts from Indiana University and the 
degree of Doctor of Philosophy from Leland 
Stanford University. Dr. Ulrey instructed 
in physics at Leland Stanford University and 
the University of Pittsburgh (Pa.) prior to 
accepting a Research Physicist position with 
the Westinghouse Electric and Manu- 
facturing Company (now the Westinghouse 
Electric Corporation). Dr. Ulrey has been 
associated with the Radio Corporation of 
America since 1937. 
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W. C. White (A 37, M °42), Director of the 
day divisions, Northeastern University, Bos- 
ton, Mass., was initiated into the university’s 
Gamma Beta Chapter of Eta Kappa Nu 
recently. Also initiated were three other 
Northeastern University faculty members: 
R. G. Porter (A ’25, F 44), H. E. Richards 
(A’25, M°36), and L. F. Cleveland (A ’38, 
M’46). Mr. White is a member of the 
Committee on Electronics. Mr. Porter is a 
member of the Committee on Branches, a 
Student Branch Counselor, and Chairman of 
the District 1 Committee on Student Activi- 
ties. Mr. Cleveland was Secretary of the 
Boston Section from 1946 to 1949, 


H. B. Lee (A’37), Assistant Regional 
Engineer, Southeast, United States De- 
partment of Agriculture, Rural Electrifica- 
tion Administration, has been appointed 
Regional Construction Engineer for Illinois, 
Iowa, and Wisconsin. J. H. Rixse, Jr. 
(A °38, M47), Assistant Regional Engineer, 
West, has been named Regional Construction 
Engineer for the Missouri-Arkansas-Louisi- 
ana-Oklahoma area. Mr. Rixse isa member 
of the Substations Committee. 


W. H. Sammis (A ’20, M ’38), President and 
Director, Ohio Edison Company, Akron, 
has accepted the chairmanship of the na- 
tional committee for the School of Engineer- 
ing, Columbia University. Mr. Sammis is 
a trustee of the university and is also Chair- 
man of the Board and a Director of the 
Pennsylvania Power Company and a Direc- 
tor of the Cleveland and Pittsburgh Railroad. 


G. F. Maughmer (A’38), Manager, Sales 
Office, General Electric Company, Los 
Angeles, Calif., has been appointed to head 
the new sales district at St. Louis, Mo. Mr. 
Maughmer has been with the General Elec- 
tric Company since 1923. He served the 
Institute as Arizona Section Chairman from 
1942 to 1943 and is a member of the Pacific 
Coast Electrical Association, the Board of 
Directors of the Merchants and Manu- 
facturers’ Association, and the Electric Club, 
all of Los Angeles. 


William Dubilier (A’19, F’25), Tech- 
nical Director, Cornell-Dubilier Electric 
Corporation, South Plainfield, N. J., and 
President, Koldweld Corporation, has been 
awarded the Chevalier Cross of the French 
Legion of Honor. The honor comes as an 
expression of appreciation from France for 
Mr. Dubilier’s contribution to the develop- 
ment of the French and international elec- 
trical industry and also for his humanitarian 
activities. 


R. L. Thomas (A 19, F ’44), Vice-President, 
Consolidated Gas Electric Light and Power 
Company, Baltimore, Md., has been re- 
elected a Vice-President of the company. 
A. L. Penniman, Jr. (A’15, F 43), General 
Superintendent of the company, also has 
been elected a Vice-President. 


N. M. Levinson (A ’42), Field Construction 
Engineer, Rural Electrification Administra- 
tion, Region 1, has been appointed to the 
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field engineering staff of the Sprague Electric 
Company, North Adams, Mass. Mr. Levin- 
son will work on power system apparatus 
applications. 


W. G. Lewis (M’49), Assistant Engineer- 
in-Charge of Circuit Breaker Sales, Allis- 
Chalmers Manufacturing Company, Boston, 
Mass., has been named Assistant to the 
General Manager of the company’s Boston 
Works. A. E. Kilgour (A’39, M47), 
Application Engineer, succeeds Mr. Lewis 
as Assistant Engineer-in-Charge of Circuit 
Breaker Sales. 
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Jacob T. Barron (A ’07, M ’20, F ’27, Mem- 
ber for Life), Vice-President, Combined 
Operations, and Director, Public Service 
Electric and Gas Company, Newark, N. J., 
died March 12, 1950. Mr. Barron was born 
in Columbia, S. C., on May 22, 1884, and was 
graduated from the University of South Caro- 
lina in 1905 with a Bachelor of Science de- 
gree. Following a 2-year period with the 
Testing Department of the General Electric 
Company, Schenectady, N. Y., he entered the 
service of the Public Service Electric and Gas 
Company in 1907. He started in the testing 
department of the company and also worked 
in the construction department prior to his 
appointment as chief operator of substations 
and generating stations in the company’s 
Central Division in 1908. Mr. Barron also 
held the positions of Superintendent, Central 
Division, General Superintendent of Produc- 
tion, and General Manager, Electric De- 
partment, before his promotion to Vice-Presi- 
dent in charge of Electric Operations and 
Director of the company in 1935. In 1948 
he was named Vice-President in charge of 
Combined Operations. Mr. Barron had 
served the Institute on the following com- 
mittees: Power Status (1919-24); Joint 
Committee on Standard Threads for Insula- 
tors and Insulator Pins (1919-21); Board of 
Examiners (1929-30); and Edison Medal 
Committee (1941-46). He also was a Direc- 
tor of the American Standards Association 
from 1943 to 1945 and a Director of the 
Edison Electric Institute. 


Howard David Matthews (M’42, F 48), 
Consulting Engineer, W. M. Chace Com- 
pany, Detroit, Mich., died February 28, 
1950. Born in Carthage, Mo., on May 19, 
1893, Mr. Matthews attended Kansas State 
College and was awarded a Bachelor of Sci- 
ence degree in 1904 and the degree of Elec- 
trical Engineer in 1917. From 1904 to 1918 
Mr. Matthews was associated with the Gen- 
eral Electric Company, Schenectady, N.Y., 
starting as a test engineer and then working 
as a design engineer in the Switchboard Engi- 
neering Department. He was a Professor of 
Electrical Design at the Milwaukee (Wis.) 
School of Engineering from 1918 to 1922. 
Mr. Matthews worked for the Westinghouse 
Electric Corporation, East Pittsburgh, Pa., 
as a design engineer in the Supply Engineer- 
ing Department from 1922 to 1924 and then 
transferred to the Mansfield, Ohio, plant to 
work in the capacity of Section Engineer in 
the Heating Appliance Engineering Depart- 
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ment. He became affiliated with the W. M. 
Chace Company in 1929, remaining with the 
company until 1934 when he accepted a 
managerial position with the General Plate 
Company, Attleboro, Mass. Following a 
period of two years in the employ of the 
Minneapolis-Honeywell Regulator Com- 
pany, Minneapolis, Minn., from 1938 to 
1940, Mr. Matthews returned to the W. M. 
Chace Company as a Consulting Engineer. 
He was the holder of many patents on tem- 
perature control devices, author of several 
articles published in technical journals, and a 
Fellow of the American Institute for the Ad- 
vancement of Science. 


John Franklin Dunn (A ’07, M ’44, Member 
for Life), formerly Associate Electrical Engi- 
neer, Tennessee Valley Authority, Knox- 
ville, Tenn., died January 12, 1950. Mr. 
Dunn was born May 17, 1882, in Ocala, 
Fla., and received the degree of Bachelor of 
Science from Davidson College. He also 
studied electrical engineering at the Massa- 
chusetts Institute of Technology. Mr. Dunn 
began his career as a draftsman for the 
Western Electric Company and the Westing- 
house Church Kerr and Company, New 
York, N. Y., in 1905. In successive years he 
worked as a draftsman and engineering- 
designer for Gibbs and Hill, New York, N. Y., 
and the Electric Bond and Share Company, 
New York, N. Y. In 1933, he accepted a 
position as consulting engineer with the Engi- 
neer Petroleum Heat and Power Company, 
New York, N. Y., and in 1936 became asso- 
ciated with the technical section of the Ten- 
nessee Valley Authority as an Associate Elec- 
trical Engineer. 


John Edward Stirling Thorpe (A’06, 
M 12, Member for Life), President, Nanta- 
hala Power and Light Company, Franklin, 
N. C., died February 24, 1950. Mr. Thorpe 
was born in Liverpool, England, on January 
29, 1883, and was educated at Cornell 
University, Johns Hopkins University, and 
the International Correspondence School 
of Scranton (Pa.). The first ten years 
of Mr. Thorpe’s business career were spent 
in engineering assignments in Puerto Rico 
and Canada as well as the United States. 
In 1915, he joined the Nantahala Power 
and Light Company, a subsidiary of the 
Aluminum Company of America, and served 
in many responsible capacities; he was 
named President of the company in 1929. 
Mr. Thorpe was also President of the South- 
eastern Electric Exchange and a member 
of the Western Carolina Manufacturers’ 
Association. 


Emil Alfred Ekern (A’04, M’15, Member 
for Life), Senior Electrical Engineer, Fay, 
Spofford and Thorndike, Boston, Mass., 
died January 3, 1950. Mr. Ekern was born 
May 11, 1880, in Pigeon Falls, Wis., and 
received the degrees of Bachelor of Science 
in Electrical Engineering from the Uni- 
versity of Wisconsin in 1903 and Master 
of Arts from Cornell University in 1904. 
After receiving his master’s degree, Mr. 
Ekern instructed in hydraulics, mechanics, 
and materials of construction at Cornell 
University, Ithaca, N. Y., for a year. Fol- 
lowing several years of hydroelectric design 
work with various companies, Mr. Ekern 
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became associated with the Stone and 
Webster Engineering Corporation and served 
on projects in the southern and mid-western 
states. During World War II he was 
placed in charge of electrical engineering 
projects at Camp Edwards, Buzzards Bay, 
Mass., and for eight years served in defense 
work in the United States and Puerto Rico 
before his affiliation with Fay, Spofford and 
Thorndike. 


Samuel Ferguson (A ’02, Member for Life), 
Chairman of Board, Hartford (Conn.) 
Electric Light Company, died February 10, 
1950. Mr. Ferguson was born in Exeter, 
N. H., on November 19, 1874, and was 
graduated from Trinity College in 1896 
with the degree of Bachelor of Science. He 
continued his education at Columbia Uni- 
versity, receiving the degrees of Electrical 
Engineer and Master of Arts in 1899. Mr. 
Ferguson first became associated with the 
Hartford Electric Light Company in 1898 
and in 1899 accepted a position with the 
General Electric Company, Schenectady, 
N. Y., and worked as a research engineer 
and consultant until 1912, when he returned 
to the Hartford Electric Light Company as 
Vice-President. In 1924 he was named 
President of the company. Mr. Ferguson 
received the honorary degree of Doctor of 
Engineering from Rensselaer Polytechnic 
Institute in 1936. He is a Past President of 
the Association of Edison Illuminating 
Companies and served the Institute as 
Chairman of the Connecticut Section from 
1930 to 1931. 


Thomas James Creaghead (A ’93, Member 
for Life), retired, died March 4, 1950. Mr. 
Creaghead was born in Covington, Ky., on 
February 5, 1867, and received a Bachelor 
of Science degree in Physics from the 
University of Cincinnati (Ohio) in 1889. 
He began his industrial career with the 
Westinghouse Electric and Manufacturing 
Company (now the Westinghouse Electric 
Corporation) in 1889 as Superintendent of 
Construction and in 1891 was elected 
Vice-President and General Manager of 
the newly formed Creaghead Engineering 
Company. Mr. Creaghead managed the 
Creaghead Engineering Company until 
his retirement in 1927. He was one of the 
founders of the National Association of 
Manufacturers, a member of Sigma Chi, 
and a life member of the Cincinnati Engi- 
neering Society. 


Henry Melvin Bascom (M719, F’30), 
Consulting Engineer, Stromberg-Carlson 
Corporation, Rochester, N. Y., died March 
14, 1950. Mr. Bascom was born on Feb- 
ruary 16, 1883, in Catskill, N. Y., and in 
1899 was employed by the Acme Telephone 
Company, New York, N. Y., as a telephone 
installer. From 1900 to 1906 he worked as 
a designer for the Ericsson Telephone 
Company, New York, N. Y., and from 1906 
to 1909 he was with the Engineering Depart- 
ment of the New York and New Jersey 
Telephone Company. From 1909 to 1930 
Mr. Bascom worked for the American 
Telephone and Telegraph Company as a 
designer. When the development and re- 
search department of the American Tele- 
phone and Telegraph Company was merged 
with Bell Laboratories in 1934, he became 
local facilities director of the system’s 
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development department. In 1940 he be- 
came director of switching engineering. 
Mr. Bascom retired from the Bell System in 
1947 and became a consulting engineer 
for the Stromberg-Carlson Corporation. 
He was the holder of more than 70 patents 
on communication equipment, developed 
individually and with associates, and was a 
member of the AIEE Communications Com- 
mittee from 1930 to 1934. 


Charles Kilbourne Flanders (A ’19, M ’20), 
General Department, American Telephone 
and Telegraph Company, New York, N. Y., 
died January 11,1950. Born in Cambridge, 
Mass., on August 24, 1888, Mr. Flanders 
took correspondence courses in Electrical 
Telephone and Telegraph Engineering prior 
to his employment by the Plant Department 
of the New England Telephone and Tele- 
graph Company in 1907. In 1912, he 
transferred to the Commercial Department 
of the company and became Commercial 
Manager of a district comprised of ten 
exchanges in Maine. During World War I, 
Mr. Flanders served as a captain in the 
Signal Corps of the Army of the United 
States supervising telephone equipment 
installation and in 1921 became associated 
with the American Telephone and Telegraph 
Company. 


Harold Wilberforce Price (A’03, M35, 
Member for Life), Professor Emeritus of 
Electrical Engineering, University of 
Toronto, Ontario, Canada, died on Feb- 
ruary 14, 1950. Born August 12, 1877, in 
Brampton, Ontario, Mr. Price was graduated 
from the University of Toronto with a 
Bachelor of Science degree in Electrical 
Engineering and had been with the uni- 
versity in a teaching capacity since 1902. 
He received the appointment of Professor 
in 1919. Mr. Price was a member of 
various committees of the National Research 
Council and was chairman of its Sub- 
committee on Definitions of Electrical 
Quantities for Canada. He served the 
Institute as Chairman of the Toronto Section 
and as a member of the following com- 
mittees: Education (1919-24, 1929-33); 
General Power Applications (1926-30); 
Standards (1936-38); Instruments and 
Measurements (1936-39); and Basic 
Sciences (1945-46). 


Charles Southerland Hallenbeck (A’21, 
M ’36), Office Manager, Long Lines Engi- 
neering Department, American Telephone 
and Telegraph Company, New York, N. Y., 
died January 2, 1950. Mr. Hallenbeck was 
born in Plymouth, N. H., on December 23, 
1889, and studied electrical engineering at 
Worcester (Mass.) Polytechnic Institute. 
He had been with the American Telephone 
and Telegraph Company since 1911 except 
for the years 1917 to 1919 when he served 
in the Signal Corps of the Army of the 
United States installing communication 
equipment. Mr. Hallenbeck assumed the 
position of Office Manager in 1933. 


Morton Brown Avery (M’24, Member for 
Life), retired, died January 26, 1950. Born 
on January 24, 1884, in Mottville, N. Y., 
Mr. Avery studied electrical engineering 
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at the Bliss Electrical School, Washington, 
D. C. From 1907 to 1915 he was in charge 
of designing and drafting for the Auburn 
and Syracuse Electric Railroad Company, 
Auburn, N. Y., and remained with the com- 
pany until 1919, advancing to the position 
of chief purchaser. In 1919, Mr. Avery 
became associated with the Rochester and 
Syracuse Railroad Company, Inc., Roch- 
ester, N. Y. as Assistant Chief Engineer 
and remained with the company in that 
capacity until his retirement in 1933. 
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Recommended for Transfer 


The Board of Examiners at its meeting of March 16, 
1950, recommended the following members for transfer 
to the grade of membership indicated. Any objections 
to these transfers should be filed at once with the Secre- 
tary of the Institute. A statement of valid reasons for 
such objections must be furnished and will be treated 
as confidential. 


To Grade of Fellow 


Hammond, W. P., vice-pres., Georgia Power Co., 
Atlanta, Ga. 

Jones, E. C., professor; head, elec. engg. dept., West 
Virginia University, Morgantown, W. Va. 

Pye, H.N., chief engr., South Eastern Underwriters 
Assn., Atlanta, Ga. 


3 to grade of Fellow 


To Grade of Member 


Adcock, H. V., product dev. elec. engr., Line Material 
Co., Zanesville, Ohio 

Bouton, M. N., elec. engr., Wagner Elec. Corp., St. 
Louis, Mo. 

Bradley, E., district engr., Southwestern Bell Telephone 
Co., Houston, Tex. 

Caswell, A. S., chge. switchgear design group, I-T-E 
Circuit Breaker Co., Philadelphia, Pa. 

Combs, G. U., elec. engr., White Eagle div., Socony 
Vacuum Oil Co., Inc., Augusta, Kans. 

DeSoignie, E., asst. mgr., Soc. D’Enterprise Gen De 
Travaux Engetra, Brussels, Belgium 

Dign, G. N., industrial power engr., Atlantic City 
Electric Co., Pitman, N. J. 

Eckel, C. H., sr. engr., Humble Oil & Refining Co., 
Houston, Tex. 

Fiedler, W. E., engr., Western Electric Co., Chicago, III. 

Furfari, F. A., consulting & application engr., Westing- 
house Elec. Corp., Toledo, Ohio 

Garthus, I. B., elec. engr., generation dept., Northern 
States Power Co., Minneapolis, Minn. 

Gochnauer, E. L., chief, power & pumping plant maint., 
U. S. Bureau of Reclamation, Coulee Dam, Wash. 

Gronner, A. D., project engr., Liquidometer Corp., 
Long Island City, N. Y. 

Hamilton, E. L., supervisor, elec. dept., Central Ne- 
braska Public Power & Irrigation Dist., Gothen- 
burg, Nebr. 

eae Ns K,, elec. engr., Duke Power Co., Charlotte, 


Hermann, F. W., studio engr., Columbia Broadcasting 
System, Minneapolis, Minn. 

Horstman, W. F., design engr., General Elec. Co., 
York, Pa. 

Uchanmon, S. G., engr., Western Elec. Co., Allentown, 
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Kinzer, E. F., industrial engr., Houston Lighting & 
Power Co., Galveston, Tex. 

Kline, C. M., elec. engr., Ajax Elec. Furnace Corp., 
Philadelphia, Pa. 

Lehmberg, M. M.., distribution engr., Houston Lighting 
& Power Co., Houston, Tex. 

Ludden, J. H., district plant engr., The Ohio Bell 
Telephone Co., Columbus, Ohio 

Martin, E. J., project technologist, Owens-Corning 
Fiberglas Corp., Ashton, R. I. 

McDonald, W. C., exchange engr., Southwestern Bell 
Telephone Co., Houston, Tex. 

Moore, C. R., aeronautical design evaluation engr., 
Electrical Civil Aeronautics Adm., Los Angeles, 
Calif. 

Newton, B. G., power system dispatcher, Roane-Ander- 
son Co., Oak Ridge, Tenn. 

ae: R., planning engr., Potomac Elec. Power 
Co., Washington, D. C. 

Park, H. F., engr., Rural Electrification Adm., Wash- 
ington, D. 

Parr, V. P., district engr., Southwestern Bell Telephone 
Co., Houston, Tex. 

Phillips, J. D., engr., Mississippi Power & Light Co., 
joc Miss. ; 

Pope, S. J., chief elec. engr., Kaiser Aluminum & 
Chemical Corp., Spokane, Wash. 4 

Pyle, K. N., elec. engr., Ebasco International Corp., 
New York, N. Y. 

Riechel, D. A., sr. engr., The Pacific Tel. & Tel. Co., 
Portland, Oreg. 
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Roach, J. L., sr. elec. engr., Aluminum Co. of America, 
Alcoa, Tenn. 

Schacht, R. L., genl. mgr., Consumers Public Power 
District, Columbus, Nebr. 

Sechrist, G. H., elec. engg. prof., University of Nebraska, 
Lincoln, Nebr. 

Seibert, C, B., assoc. prof. elec. engg., West Virginia 
Univ., Morgantown, W. Va. 

Theis, H. T., maintenance & facilities supt., Kaiser 
Metal Products, Inc., Bristol, Pa. 

Tolivar, C. A., elec. group engr., Lockheed Aircraft 
Corp., Burbank, Calif. 

Tuma, G., assoc. prof. elec. engg., University of Okla- 
homa, Norman, Okla. 

Walker, R. M., sr. elec. engr., El Paso Electric Co., 
El Paso, Tex. 


41 to grade of Member 


Applications for Election 


Applications for admission or re-election to Institute 
membership, in the grades of Fellow and Member, 
have been received from the following candidates, and 
any member objecting to election should so notify the 
Secretary before May 25, 1950, or July 25, 1950, if the 
applicant resides outside of the United States, Canada, 
or Mexico, 


To Grade of Fellow 


Elahi, S. R., P.W.D. Electricity Branch, Lahore, 
Pakistan 
Vogel, W., Univ. of Cologne, Cologne, Germany 


2 to grade of Fellow 


To Grade of Member 


Ballinger, M. H., Borg-Warner Corp., Muncie, Ind. 
lapse T. H., New England Tel. & Tel. Co., Brighton, 
ass. 

Bunting, W. R., Northern Elec. Co., Ltd., Montreal, 
Quebec, Canada 

Byrum, G. P., U. S. Naval Ordnance Test Station, 
Pasadena, Calif. 

Campbell, T. L., Toronto Hydro-Elec. System, Toronto, 
Ontario, Canada 

Casey, A. A., The Cleveland Elec. Illuminating Co., 
Cleveland, Ohio 

Chambers, H. J., Toronto Hydro-Elec. System, Toronto, 
Ontario, Canada 

Saas ‘hs Niagara Mohawk Power Corp., Albany, 


Christophel, G. H., Auto Specialties Co., Inc., Elkhart, 
nd. 
Copy J, H., American Broadcasting Co., New York, 


Decker, B. L., Natl. Elec. Coil Co., Buffalo, N. Y. 
Dougherty, H. P. (re-election), Southwestern Bell Tel. 
Co., Oklahoma City, Okla. 
Evans, A. W., Dept. of Highways & Public Works, 
alifax, Nova Scotia, Canada 
Falcone, te Consolidated Edison Co. of N. Y., New 
York, N. Y. 
Faraon, A. J., Texas Power & Light Co., Dallas, Tex. 
Feaster, W. C., The Potomac Edison Co., Hagerstown, 
Md. 
Flambouriaris, AE D., Natl. Tech. Univ. & Elec. Div., 
Ministry of Transport, Athens, Greece 
Fleming, D. B. (re-election), The Hydro-Elec. Power 
Comm. of Ontario, Toronto, Ontario, Canada 
Grimmer, E. J., Westinghouse Elec. Corp., Sharon, Pa. 
Highbee, K. A., The Marston Co., San Diego, Calif. 
Hoey, G., Elec. Dept. Municipality, Singapore, Malaya 
Le J. A., Ill, Egli & Gompf, Inc., Baltimore, 
d 


Johnson, H. C., Certain-Teed Products Corp., Dallas, 


ex: 
Lindon, P. H., Colo. A. & M. College, Ft. Collins, Colo. 
Marino, F., Union Terminal Cold Storage, Jersey City, 
N 


Marsh, CG. R., Pennsylvania State College, State College, 


Pa. 

Martz, R. H., Chicago Transit Authority, Chicago, Ill. 

Maxwell, H. S., General Elec. Co., Schenectady, N. Y. 

Maynard, A, L. R., General Elec. Co., Philadelphia, Pa. 

McClintic, W. S., General Cable Corp., New York, N. Y. 

Mills, R. L., Magnolia Petroleum Co., Dallas, Tex. 

Petersen, A. H. (re-election), Columbia Broadcasting 
System, New York, N. Y. 

Pflug, C. E., Nash-Kelvinator Corp., Kenosha, Wis. 

Pohnan, F. J., Commonwealth Edison Co., Chicago, Ill. 

Pugh, P. S., II, American Gas & Elec. Service Corp., 
New York, N. Y. 

Rebori, M. J., Consolidated Edison Co. of New York, 
Inc., New York, N. Y. 

Robertson, E. J., Toronto Transportation Comm., 
Toronto, Ontario, Canada 

Rodewig, L. F., General Elec. Co., New York, N. Y. 

Schneider, S. S., Westinghouse Elec. Corp., E. Pitts- 


Calcutta, India 
Singer, C. H., Radio Station WOR, New York, N. Y. 
Smith, E. R., Alvin H. Johnson & Co., Inc., New York, 
y 


N. Y. 

Stretch, R. J., Monroe Elec. Co., Chicago, Ill. 

Vajda, J. P., Bell Tel. Labs., Inc., New York, N. Y. 

Watts, J. P., Canadian General Elec. Co., Peterboro, 
Ontario, Canada 

Wehr, E. F., Cleveland Elec. Illuminating Co., Cleve- 
land, Ohio 


48 to grade of Member 
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OF CURRENT INTEREST. 


RCA Announces New AIll-Electronic Color 
Television Employing Full-Color Tube 


A color television picture tube was demon- 
strated recently in Washington, D. C., by the 
Radio Corporation of America, as part of its 
new all-electronic color television system. 

The new picture tube, or kinescope, was 
shown in two direct-view types. The color 
picture is viewed directly on the face of the 
tube the same as black-and-white pictures are 
seen on the majority of television sets already 
in use. The high-definition color pictures 
are reproduced all-electronically. The re- 
ceiver is unencumbered by any mechanical 
parts or revolving disks. Thus, there is no 
flicker, no color breakup, and no whir of a 
disk as characteristic of any system that 
utilizes a mechanical scanning disk. 

The two color receivers in the demonstra- 
tion used different types of color picture 
tubes. One employed a single electron gun 
to ‘‘paint’’ the pictures. The other used 
three electron guns, each of which had an 
electron beam geared magnetically to actuate 
each of the three primary colors on the face of 
the tube and blend them true to the original 
scene being telecast. 

The images are made to appear on the face 
of the tube by pencil-like beams of electrons 
that activate fluorescent materials representa- 
tive of the three primary colors—red, green, 
and blue. Although the trio of beams all 


operate simultaneously down the narrow 
glass neck of the same picture tube, they are 
controlled so that their actions are masked 
from interfering with the operation of each 
other. 

The face of each tube is coated on the in- 
side with thousands of dots of color phos- 
phors. The dots are arranged in triangular 
groups of three, one for each color. The 
total number of dots per tube, at present, is 
351,000, or 117,000 for each color. A metal 
masking screen, containing 117,000 holes of 
approximately the same size as the dots of 
color phosphor, is located behind the tube 
face. The holes are placed so that they over- 
lap equally each different colored dot of a 
triangular group. 

Electrons pass through the masking screen 
and activate the color phosphor dots, as the 
electron gun, or guns, scans the face of the 
tube, causing the dots to give off visible light. 
When a video signal representing a certain 
color passes through the electron gun, that 
color dot is activated. The amount of 
colored light given off by each dot varies in 
accordance with the information supplied 
from the video signals taken from the air. 
Images are built up with 525 lines of detail, 
resulting in a high level of clarity. 

The RCA color system operates at both the 


Small Computer to Rival Larger “Brains” 


This electronic calculating 
machine, called SEC, being 
constructed at Birbeck 
College Laboratories, Lon- 
don University, will have 
only 300 tubes as opposed to 
the thousands required by 
other electronic ‘‘brains,”’ 
and in addition to perform- 
ing calculations, it will 
translate foreign languages. 
It is planned that the 
memory capacity of the 
_machine will be ten times 
greater than that of the 
larger ones and that SEC 
will be able to perform 
within two to three weeks 
calculations which would 
take the human brain 100 
years to complete 
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transmitter and receiver in complete har- 
mony with the existing black-and-white sys- 
tem. Both color and monochrome are cap- 
able of existing, or operating, on the same 
channels, same transmitters, and same re- 
ceivers. To see the programs in color, the 
present television receiver in the home can be 
adapted to use the new color tube, or a new 
receiver designed to operate with the color 
tube can be used. 


1950 Competition Announced by 
‘‘Fondation George Montefiore” 


L’Institut Electrotechnique Montefiore of 
Belgium announces the conditions for its 
international competition held every five 
years and named for the founder of the insti- 
tute. There have been two AIEE winners 
of this competition: Dr. J. B. Whitehead 
(A’00, F’12, Life Member and Junior Past 
President) in 1923 and Gabriel Kron (A ’30, 
M ’45) in 1935. 

The rules for submitting manuscripts and 
other data follow. 

7. A prize (the accumulated interest of 
Belgian investments at four per cent) is 
awarded every five years for the best original 
work presented on scientific advancement 
and progress in the technical applications of 
electricity in all fields, excluding common- 
place work. 

2. The prize bears the name ‘‘Fondation 
George Montefiore.” 

3. Work prepared during the five years 
preceding the meeting of the jury of awards 
will be admitted. Work must be submitted 
in French or English and may be printed or 
in manuscript. The jury reserves the right 
to have them typewritten or printed. 

4. The jury consists of ten electrical engi- 
neers: five Belgians and five from other 
countries, under the presidentship of a pro- 
fessor of the Institut Electrotechnique 
Montefiore, who may be one of the Belgian 
members. ‘The Belgian members must have 
a diploma from the institute. 

5. By a majority of four-fifths in each of 
the two sections (foreigners and nationals 
who must vote separately for this purpose) 
the prize can be divided. 

By the same majority the jury can award 
one-third of the available prize funds to a 
person for a capital discovery who has not 
taken part in the competition or to some 
work which, without entering completely in 
the program, shows a new idea capable of 
having important development in the field of 
electricity. 

6. In the event that the prize is not 
awarded or if the jury awards only a partial 
prize, the sum remaining is added to the prize 
for the following 5-year period. 

7. All entries not accompanied by a 
legible signature and address of the author 
will be considered anonymous. Such an- 
onymous entries must carry an identifica- 
tion, repeated on the outside and in a hidden 
fold, on the inside of which must be the 
author’s name, signature, and address writ- 
ten legibly. 

8. Twelve copies of each entry must be 
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submitted and may be handwritten or type- 
written, They are to be sent postpaid to 
M. le secrétaire-archiviste de la Fondation 
George Montefiore, rue Saint-Gilles, 31, 
Liége, Belgium. The secretary will certify 
the receipt of entries whose authors have 
identified themselves. 

9. The jury will decide which entries are 
to be published in the Bulletin of the Associa- 
tion of Electrical Engineers put out by the 
Institut Electrotechnique Montefiore. This 
incurs no expense on the part of the authors. 
The association will translate into French 
such entries in English as are selected for 
publication. 

The amount of the prize for the 1950 com- 
petition will be 25,000 francs and all entries 
must be submitted by December 31, 1950. 
All entries must carry the following plainly 
marked at the head of the text, ‘Travail 
Soumis au Concours de la Fondation George 
Montefiore, Session de 1950.” 


Radio Propagation Field Station 
Established at Fort Belvoir 


A new radio propagation field station 
which will make continuous measurements of 
radio waves reflected from the upper atmos- 
phere has been established at Fort Belvoir, 
Va., by the National Bureau of Standards. 
The Belvoir Field Station, made possible by 
the co-operation of the Army’s Corps of Engi- 
neers and Signal Corps, is one of a system of 
14 stations operating under the supervision of 
the Bureau’s Central Radio Propagation 
Laboratory as part of a world-wide network 
of over 50 radio observatories. 

The station, occupying some ten acres of 
countryside near the Potomac River, 13 miles 
south of Washington, consists of four sepa- 
rate buildings designed for ionospheric and 
geophysical measurements. Equipment at 
the new field station includes the latest in 
field intensity recorders, ionospheric re- 
corders, and visually recording magneto- 
graphs. The new installation is continuing, 
on an improved basis, work begun by the 
National Bureau of Standards more than 20 
years ago. Data gathered at the new station 
will be used in the preparation of predictions 
three months in advance of the best frequen- 
cies for short-wave radio communication as 
well as warnings of sudden radio disturb- 
ances. 

The Belvoir Field Station also serves as a 
training center in the techniques of iono- 
spheric and field-intensity measurements. 
The station is a testing ground for evaluating 
the performance of new measuring equip- 
ment and procedures proposed for use at all 
of the Bureau’s radio field stations. Special 
engineering projects are already under way 
to improve further the ionospheric measuring 
techniques. 


W. F. Little Designated 
IES Medalist for 1950 


William F, Little has been named by the 
Illuminating Engineering Society to receive 
the 1950 Gold Medal of the society at cere- 
monies during the National Technical Con- 
ference at Pasadena, Calif., August 21-25, 
1950. The Gold Medal, highest honor in 
the field of illumination, is awarded ‘“‘for 
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meritorious achievement conspicuously fur- 
thering the profession, art or knowledge of 
illuminating engineering.’’ 

Mr. Little, now Engineer in Charge, 
Photometric Department, Electrical Testing 
Laboratories, Inc., New York, N. Y., has 
been identified with the lighting field since 
1903 and has been active in the society for 
more than a quarter century. Best known 
of his contributions to lighting progress has 
been his original work in photometry, con- 
tributing basic knowledge toward the de- 
velopment of standard specifications for 
motor vehicles lighting, as well as industrial 
commercial, motion picture, and natural 
lighting. 


Fulbright Act Authorizes 
Educational Exchanges 


The Fulbright Act (1946) authorizes the 
Secretary of State to negotiate Executive 
agreements to use foreign currencies and 
credits realized through surplus-property 
sales for the exchange of persons between the 
United States and other countries for educa- 
tional purposes. 

The use to which the foreign currencies 
and credits may be put under this authority 
includes the transportation, tuition, main- 
tenance, and other expenses incidental to 
scholastic activities of United States citizens 
going to institutions abroad, the transporta- 
tion of foreign citizens coming to pursue 
scholastic activities in this country, and costs 


Future Meetings of Other Societies 


American Chemical Society. Chicago Section—Sixth 
National Chemical Exposition. September 5-9, 1950, 
Chicago Coliseum, Chicago, Ill. 

Fourth Inter- 


American Electroplaters’ Society. 


national Electrodeposition Conference. June 12-16, 
1950, Statler Hotel, Boston, Mass. 
American Society for Quality Control. Fourth Na- 


tional Convention. June 1-2, 1950, Milwaukee, Wis. 


American Society of Refrigerating Engineers. 37th 
Spring Meeting. June 4-7, 1950, Hotel Muehlebach, 
Kansas City, Mo. 


American Society for Testing Materials. 53d Annual 
Meeting and 9th Exhibit of Testing Apparatus and 
Equipment. June 26-30, 1950, Atlantic City, N. J. 


Armed Forces Communications Association. 1950 
Annual Meeting. May 12, 1950, New York, N. Y.; 
May 13, 1950, Fort Monmouth, N. J. 


British Industries Fair. Engineering Section. May 
8-19, 1950, Castle Bromwich, Birmingham, England. 


Edison Electric Institute. Annual Convention. June 
5-7, 1950, Atlantic City, N. J. 


Institute of the Aeronautical Sciences. Seventh 
Annual Personal Aircraft Meeting. May 19-20, 1950, 
Lassen Hotel, Wichita, Kans. Annual Summer Meet- 
ing. July 12-14, 1950, IAS Western Headquarters 
Building, Los Angeles, Calif. 


Instrument Society of America. 1950 Instrument 
Conference and Exhibit. September 18-22, 1950, 
Memorial Auditorium, Buffalo, N. Y. 


International Conference on Large Electric High- 
Tension Systems (CIGRE). 13th Session. June 29- 
July 8, 1950, Paris, France. 


Refrigeration Manufacturers of America—Refrigera- 
tion Service Engineers Society. 1950 Midwest Re- 
frigeration and Air Conditioning Educational Exhibit 
and Conference. May 25-28, 1950, New Hotel Jefferson, 
St. Louis, Mo. 
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incurred by foreign nationals attending 
American institutions outside the United 
States. 

It is expected that Fulbright programs of 
international educational exchange will be 
initiated in the near future with Australia, 
Egypt, Iran, Turkey, and India since an 
agreement has been signed recently with each 
of these countries. Any person wishing to 
apply for an award as advanced research 
scholar or visiting lecturer in any one of these 
countries is encouraged to write the Confer- 
ence Board of Associated Research Councils 
Committee on International Exchange of 
Persons, 2101 Constitution Avenue, Washing- 
ton 25, D. C. An application form and 
necessary information will be sent to inter- 
ested individuals by the Conference Board 
Committee as each program is inaugurated. 

University and college administrators and 
heads of departments may be interested to 
know that there may still be time to work out 
arrangements under the Fulbright program 
for foreign lecturers to teach in their respec- 
tive institutions during the academic year 
1950-51. More information on this program 
may also be obtained by writing to the Con- 
ference Board. 

Recipients of awards to lecturers and re- 
search scholars in the field of engineering for 
the academic year 1949-50 were as follows: 
Dr. Stephen Crandall, Assistant Professor of 
Mechanical Engineering at the Massachu- 
setts Institute of Technology, to serve as 
visiting lecturer in mechanical engineering at 
the Imperial College of Science and Tech- 
nology, University of London; Dr. Paul 
Symonds, Assistant Professor of Engineering 
at Brown University, Providence, R. I., to do 
research at the University of Cambridge, 
England; and Dr. Elmer Tolsted, Jr., Assist- 
ant Professor of Mathematics, Pomona 
College, Claremont, Calif., to serve as visit- 
ing lecturer in mathematics at the University 
College of the Southwest, Exeter, England. 


Eta Kappa Nu to Choose Foremost 
Young Electrical Engineer 


For each year, beginning in 1936, Eta 
Kappa Nu Association, an electrical engineer- 
ing honor society, has made an award to the 
most outstanding young electrical engineer. 
The society is now receiving nominations. 

Prerequisite qualifications are 


1, Candidate must not have reached age 35 by May 1, 
1950. 


2. Candidate must have been graduated from a recog- 
nized electrical engineering school. 


3. Candidate must not have received his Baccalaureate 
degree in electrical engineering more than ten years 
prior to May 1, 1950. 


Forms for nominations have been distribu- 
ted to many engineers and executives in the 
industrial, electrical, manufacturing, com- 
munication, central station, and other fields, 
as well as prominent professors in technical 
institutions. These people review the rec- 
ords of their young acquaintances to see if 
they should receive consideration in this 
competition. 

Nomination forms may also be obtained 
from A. B. Zerby, Executive Secretary, Eta 
Kappa Nu Association, Post Office Drawer 
G, Dillsburg, Pa. All nominations should be 
sent to the secretary and be in his possession 
by May 1, 1950. 
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All-Welded Casing for Hydraulic Turbine 


The Allis-Chalmers Manufacturing Company is fabricating this plate steel, all-welded 
spiral casing section for the first unit of three 62,000-horsepower 190-foot-head 128.6- 
rpm hydraulic turbines for the United States Department of Army, Corps of Engineers, 


Bull Shoals Development. 


With its integral stay ring and temporary bracing, it weighs over 36,000 pounds. 


The section shown has a three-fourths-inch plate thickness. 


The 


entire all-welded construction, combined casing and stay ring, is designed in seven 


convenient radial and circumferential sections. 


The stay ring portions bolt together. 


The casing joints are designed for riveted butt strap connections in the field. All the 
sections are completely shop-assembled for machining and together weigh about 228,000 


pounds. 


Diameter of the casing inlet is 14 feet, 8 inches 


South Bank Exhibition 
to Tell of British Achievements 


The exhibition on the South Bank of the 
River Thames will be the centerpiece of the 
Festival of Britain which will be held from 
May to September in 1951. The exhibition 
will tell a continuous story throughout the 
whole of its extent, each pavilion providing a 
chapter in the story. 

The theme is that British achievements in 
science, technology, and industrial design 
have resulted from the initiative of the 
British people in developing the resources of 
their land and that the future of Britain is well 
founded on the continuing achievements of 
her scientists, industrialists, technologists, and 
designers. 

The exhibition will be selective, first, in 
the topics chosen for the theme and, second, 
in the choice of exhibits to illustrate the story. 
A subject qualifying for inclusion must be one 
in which the British contribution is outstand- 
ing—such as an invention like penicillin or 
the jet engine; an unrivalled British craft 
like tailoring or fine china; a current national 
enterprise like the equipment of new schools; 
achievements in exploration and in scientific 
discovery; and aspects of the British tra- 
dition which have characterized her products, 
Therefore, many activities and industries in 
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which British achievement is great, but not 
significantly in advance of other countries, 
will not be presented. 

An industrial exhibit qualifying for inclu- 
sion must not only be of high merit on func- 
tional, engineering, and aesthetic grounds, 
but must also be appropriate to illustrate a 
particular section of the story. 


Franklin Institute Develops 
Projection Magnifier for Print 


A device which will permit many indi- 
viduals with extremely limited vision to read 
ordinary newspapers, magazines, and books 
while resting comfortably in their own homes 
is now in the final testing stage. This new 
instrument, known as a Projection Magnifier, 
and developed during several years research 
at The Franklin Institute Laboratories for 
Research and Development, Philadelphia, 
Pa., will magnify normal print to five times 
ordinary size. Individuals who have a cor- 
rected vision of as little as 20/200 have sat at 
ease before this portable device and read 
publications with very little manipulation. 

Developed under a grant from the W. K. 
Kellogg Foundation, the Projection Magni- 
fier will undergo tests in actual use for a year, 
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after which time it is expected that it will 
become commercially available to individ- 
uals at less than $75 each. Weighing only 
a little more than 17 pounds, the magnifier 
may be used on any table convenient to an 
electric outlet. When a page is placed on a 
movable tray at the bottom and a lens low- 
ered against it, an illuminated magnification 
appears on a ground glass slanted at the 
correct angle for the reader sitting in a chair. 

Little effort is required to handle the de- 
vice. The screen is wide enough to carry a 
full newspaper column. For wider pages the 
lens is controlled by a knob, while the page 
may be shifted up or down under the lens by 
means ofa lever. The counter-balanced top 
of the machine is easily raised to turn a page 
by hand. 


World’s Most Powerful Synchro- 
Cyclotron Now in Operation 


The world’s most powerful synchro-cyclo- 
tron, generating 385,000,000 electron volts, 
is now in operation at Nevis, Irvington-on- 
Hudson, N. Y., site of Columbia Univer- 
sity’s new nuclear physics research center. 

Major components of the cyclotron are the 
2,500-ton magnet, the vacuum and radio- 
frequency systems, structures concerned with 
the proton beam, a shielding of 6-foot con- 
crete blocks, and the control system. 

Current for the magnet flows through 12 
copper coils, each with an outside diameter 
of 22 feet. ‘The coils are cooled by a flow of 
2,000 gallons per minute of special oil which, 
in turn, is cooled by a maximum flow of 
1,000 gallons of water per minute in heat ex- 
changers. The water is pumped from the 
Hudson River from a point deep enough to 
assure a flow of water even if the river should 
freeze over. 

An arc source in the middle of the cyclo- 
tron chamber generates the hydrogen gas 
which accelerates the protons at a velocity 
approaching the speed of light. When the 
scientists want to produce neutrons or mesons 
they insert a probe in the path of the protons, 
and the resulting beam passes out of the 
chamber to the experimental area north of 
the instrument. 

Around the great magnet is a shielding of 
concrete blocks measuring 30 feet in some 
locations, 20 feet in others. The two doors 
to the chamber are 15-ton blocks, mounted 
on tracks, which are propelled by attached 
motors. 


New Type of Electric Eye 
Developed by Bell Labs 


An entirely new type of electric eye—much 
smaller and sturdier than present photoelec- 
tric cells—has been invented at Bell Tele- 
phone Laboratories. 

One of the major advantages of the new 
electric eye is that it delivers very high power 
for a photoelectric device, in some cases 
enough to operate a switch directly without 
the preliminary amplification usually re- 
quired. 

The new electric eye stemmed from work 
at the Bell Laboratories on the recently an- 
nounced Transistor, a simple device capable 
of performing most of the functions of an 
ordinary vacuum tube. The new device has 
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This is the new type of electric eye de- 
veloped by Bell Telephone Laboratories. 
Known as the Phototransistor, the new 
electric eye stemmed from work on the 


recently announced Transistor. Note the 
small size in comparison with an ordinary 


paper clip 


been named the Phototransistor and was 
invented by Dr. John N. Shive of the labora- 
tories’ staff. The whole apparatus is housed 
in a tiny cylinder about as big as a 0.22- 
calibre rifle cartridge. Like the Transistor, 
it has no vacuum, no glass envelope, no grid, 
plate, or hot cathode. 

Although the Phototransistor is still in the 
experimental stage, Bell scientists and engi- 
neers expect that, after the necessary develop- 
ment, it may have far-reaching significance 
in electronics and electrical communication. 
Consideration is already being given, for ex- 
ample, to using it in a machine under 
development for toll dialing, a plan whereby 
a telephone operator directly dials a tele- 
phone in a distant city. 

The heart of the parent device, the ampli- 
fying Transistor, is a tiny chip of germanium, 
a semiconductor material, against one side of 
which the points of two hair-thin wires are 
pressed, hardly two-thousandths of an inch 
apart. The flow of very small electric cur- 
rents in one of these wires (the emitter) con- 
trols the flow of currents in the other wire 
(the collector) in such a way as to give signal 
amplification. 

The Phototransistor is similar in operation 
to the amplifying Transistor, but it is con- 
trolled by light rather than by the electric 
current of the emitter. It also uses a piece of 
germanium but only a single collector wire. 
The tip of this wire rests in a small dimple 
ground into one side of the germanium disk. 
At this point the germanium disk is only 
three-thousandths of an inch thick. 

Light focused on the opposite, undimpled 
side of the disk can control the flow of current 
in the wire, thus making a control device 
similar in function to a photoelectric cell. 

The Phototransistor has a high power out- 
put for a photoelectric device and gives good 
response to a rapidly fluctuating light source. 
It is particularly sensitive to the wave lengths 
of light given off by ordinary incandescent 
light bulbs, and is well suited to operate with 
these easily available sources with good 
fidelity. The Phototransistor also is a low- 
impedance device. 
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CIGRE Biennial Session 
Scheduled for Paris 


The 13th biennial session of the Inter- 
national Conference on Large Electric High- 
Tension Systems (CIGRE) is to be held in 
Paris, France, from June 29 to July 8, 1950. 
More than 120 technical papers are to be 
presented at the conference, of which 16 will 
be of United States authorship. 

CIGRE was founded in March of 1921 and 
operates with the support and assistance of all 
the large international electrotechnical or- 
ganizations and includes members from all 
countries. ‘The object of the conference is to 
discover and diffuse knowledge of the prog- 
ress in the technique of large high-voltage 
electric systems by bringing the most eminent 
specialists from each country into contact 
every two years. ‘The conferences are of 
particular interest to executives and design 
and operating engineers in both the electric 
power and electrical manufacturing indus- 
tries. 

Arrangements have been made for a large 
and representative United States delegation, 
many of whom will remain for the Fourth 
World Power Conference to be held in Lon- 
don, England, July 10 to July 15, 1950. 
Also, the Swedish State Power Board has 
invited all United States-CIGRE delegates 
for a tour of electrical installations in Sweden, 
from June 15 to June 26, 1950, preceding the 
CIGRE Conference. 

The work of the 1950 convention will be 
divided into four sections. ‘The first section 
will be concerned with generation, transfor- 
mation, and rupture of current; the second 
with construction, insulation, and mainte- 
nance of overhead and underground lines; 
the third with operation, protection, and 
interconnection of networks; and the fourth 
with transmission, insulation, and corona 
effect of extra-high voltages. 

The convention will be held at the Fonda- 
tion Berthelot, 28 bis, rue Saint-Dominique, 
Paris, France. Further information and reg- 
istration forms may be obtained from 
Frederic Attwood, Chairman, United States 
National Committee of CIGRE, Room 1781, 
50 Church Street, New York 7, N. Y. 


NBS Detects Low-Frequency 
Round-the-World Radio Signals 


Very-low-frequency radio signals traveling 
completely around the world have now been 
detected by the National Bureau of Stand- 
ards. The signals, transmitted from the 
Naval Radio Station NSS at Annapolis, Md., 
on a frequency of 18 kc with a power of 350 
kw, were received at the NBS radio propaga- 
tion field station at Sterling, Va., about 50 
miles away. Normal delay time for a round- 
the-world signal was more than a tenth of a 
second, and maximum signal intensity was 
observed at sunset. 

The round-the-world signals were received, 
with the aid of a large loop antenna 150 feet 
high, on a tuned-radio-frequency receiver. 
A dual-beam oscilloscope was connected 
ahead of the detector stage in the receiver so 
that the actual unrectified radio-frequency 
envelope was displayed on the 5-inch screen 
along with an 18-kc reference voltage. The 
delay time of the signals was measured by 
making a moving film record of the oscillo- 
scope screen. 

The test signal transmitted from VSS con- 
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sisted of a series of dots, each dot followed by a 
quiet period equal in duration to five dots. 
The test tape was transmitted at normal 
sending speeds, so that the pulse length of 
each dot was about 40 milliseconds with a 
repetition rate of four pulses a second. 


C. A. Aall to Deliver 
Castner Memorial Lecture 


Dr. Christian H. Aall, assistant director 
of the Monsanto Chemical Company’s 
Phosphate Division research department in 
St. Louis, Mo., has been invited to deliver 
the Second Castner Memorial Lecture 
before the Society of Chemical Industry in 
London, England, and to receive the Castner 
Gold Medal. He will lecture on the subject 
of electrothermics and electrothermal proc- 
esses. 

The lectures established to commemorate 
Hamilton Young Castner, inventor of the 
mercury-type electrolytic cell for the pro- 
duction of chlorine, are sponsored by 
Imperial Chemical Industries, of England. 
Dr. Alexander Fleck, a director of ICI, gave 
the first of the biannual lectures in 1947. 

Dr. Aall, a native of Oslo, Norway, came 
to the United States in 1946. His technical 
training was acquired at the University of 
Grenoble, France. 


Monteith Addresses Members 
of New York Railroad Club 


A. C. Monteith, Vice-President in Charge 
of Engineering, Westinghouse Electric Cor- 
poration, Pittsburgh, Pa., addressed the mem- 
bers of the New York Railroad Club recently. 
The subject of Mr. Monteith’s address was 
‘“New Horizons for Railroad Motive Power.” 

One of the motive power developments 
mentioned by Mr. Monteith was the in- 
creased continuous rating of standard elec- 
tric drive equipment so that the tonnage rat- 
ings of freight locomotives are no longer con- 
trolled by the capacity of the electric equip- 
ment but are controlled by the slipping 
point of the wheels. 

The electrical industry is also co-operating 
with the roads which prefer to burn coal, as 
can be illustrated by the new high-pressure 
high-temperature boiler for the Norfolk and 
Western Railroad’s steam-turbine locomo- 
tive. This boiler, built by Babcock and 
Wilcox, is now in the test stage and will be 
used on a 4,500-horsepower locomotive 
to be constructed by the Baldwin Locomotive 
Works, Eddystone, Pa. This locomotive 
will burn coal on a stoker-fired grate. The 
boiler will be of the water-tube type and will 
operate at 600-pounds pressure, 900 degrees 
Fahrenheit total steam temperature. The 
boiler will be forced drafted, permitting the 
turbine to operate at atmospheric exhaust. 

Westinghouse is now completing work on a 
gas-turbine electric locomotive in their East 
Pittsburgh (Pa.) Works. This locomotive 
will be a 4,000-horsepower passenger type, 
incorporating several novel features. Two 
2,000-horsepower turbines are used which 
burn oil as a fuel. This type of locomotive 
concentrates a large amount of horsepower in 
a small space, and is being built by Westing- 
house to gain experience in the design and 
operation of gas turbines in railroad service. 
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Zator Develops Calculator 
for Working With Ideas 


A calculator for working with ideas instead 
of numbers, that makes mistakes, but always 
in the right direction, was exhibited at the 
meeting of the Association for Computing 
Machinery at Rutgers University recently. 
This machine, called the Zator Selector, is 
used for hunting up ideas and technical 
information stored in a file. It quickly finds 
everything you ask for, and when it slips it 
gives you everything you want and a little 
more. 

The Zator Selector is about the size of a 
table radio, and it can find facts rapidly from 
a file which may contain up to a quarter 
million items in medicine, organic chemistry, 
physics, or even genealogy. 

The secret of the Zator Selector lies in its 
unusual use of random digit patterns for the 
ideas. Like the large electronic numerical 
calculators, the Zator Selector employs a 
digital technique for working with its non- 
numerical information. However, it uses a 
statistical principle of computation rather 
than the exact rules followed by its larger 
“‘brains.”? It calculates the logical product 
of two or more ideas in making its selection, 
instead of performing the more conventional 
multiplication of two numbers. 


EJC Invites Suggestions 
on National Water Policy 


Representing the five national engineering 
societies, the Water Policy Panel of the 
Engineers’ Joint Council has undertaken the 
important and timely task of developing a 
statement on the water resources of the 
nation, with particular reference to the use 
and abuse of water supply sources (EE, Apr 
°50, p 382). 

The immediate objective of the committee 
is the production of a statement of profes- 
sional engineering opinion pertaining to 
policy and practice in conservation, utiliza- 
tion, and protection of water resources, with 
especial emphasis on immediate and long- 
range development of public water supply for 
domestic, industrial, agricultural, and recrea- 
tional uses. ‘The deadline set for the panel’s 
recommendations has been moved up to 
June 1, 1950, and it is suggested that con- 
structive recommendations and suggestions 
be submitted to Task Committee chairmen 
as soon as possible. 

The eight Task Committees and their 
respective chairmen are 


1, “Domestic and Industrial Water Supply Pollution,” 
Chairman, L. R. Howson. 


2. “Flood Control and Water Flow Retardation,” 
Chairman, J. A. Short. 


3. “Navigation and Water Transportation,” Chair- 
man, Colonel C. H. Brown. 


4. “Irrigation,” Chairman, S. T. Harding. 


5. “Hydroelectric Power,” Chairman, Colonel F. W. 
Sheidenhelm. 


6. “Recreation, Fish and Wild Life Aspect of Water 
Resources,”? Chairman, M. P. O’Brien. 


7. “Basic Water Resources Information,” Chairman, 
G. R. Williams. 


8. “Land Drainage,” Chairman, Edmund Friedman. 


Suggestions and recommendations should 
be submitted to the Task Committee Chair- 
man, Panel on National Water Policy, Engi- 
neers’ Joint Council, 25-33 West 39th Street, 
New York 18, N. Y. 
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Signal Corps Develops New Milli- 
Microsecond Pulse Generator 


The United States Army Signal Corps has 
announced an electronic device capable of 
the generation of pulses of energy existing for 
only one-thousandth of a microsecond. This 
development of the Signal Corps Engineer- 
ing Laboratories, Fort Monmouth, N. J., is 
expected to provide the basis for many 
advancements in military electronic equip- 
ment, particularly in the field of radio com- 
munications. 

Similar circuits are currently being embod- 
ied in various preliminary experimental 
models of radio communications equipment 
ranging from the short-range portable and 
vehicular equipment up through the trunk 
microwave radio relay stations. In the 
video-high-frequency spectrum, presently 
occupied by tactical radio networks, these 
narrow-pulse-generating circuits appear to 
make possible the simplification of wide- 
frequency-band stabilizing circuits to a point 
where, in the not too distant future, a signal 
officer may have a much wider choice of high 
stable radio-frequency channels incorporated 
into a single package. 

These narrow pulses when used in multi- 
channel telephone terminal equipment are 
expected to multiply the number of possible 
channels in time-division multiplex systems. 
This application is in conjunction with the 
relatively new form of modulation known as 
pulse code modulation, first incorporated into 
communication equipment by the Signal 
Corps during World War II. 


New Allis-Chalmers Engineering Lab. A 
new 2-room engineering laboratory designed 
primarily for audio-noise and special tempera- 
ture tests has been placed in use at the Allis- 
Chalmers Manufacturing Company, Pitts- 
burgh, Pa. The auxiliary test equipment for 
this laboratory delivers 1,200 kva over a wide 
range of voltages which permits standard 
testing of transformers up to 5,000 kva. 
The 2-foot thick walls of the new laboratory 
are constructed of concrete, concrete block 
and air pockets, fiber glass, and acoustic tile. 
Its ambient noise level is 27 decibels with the 
walls absorbing 99.98 per cent of the exterior 
noise power. In this laboratory the trans- 
formers are mounted to simulate actual 
installation conditions, thereby making it 
possible to determine the noise level under 
ideal conditions. 


G-E’s Educational Thy-Mo-Trol Drive. A 
new full-wave reversing educational Thy-mo- 
trol drive, designed to assist in the teaching of 
electronic motor control and associated cir- 
cuits, has been announced by the Educa- 
tional Section of the Apparatus Department, 
General Electric Company, Schenectady, 
N. Y. The demonstration equipment con- 
sists of seven circuit panels and five instru- 
ment panels assembled on a steel frame, 
mounted vertically on a steel table. The 
circuit diagrams are molded in white into the 
front of the dark laminated textolite panels. 
The actual wiring and all components, 
excepting the tubes, are behind the panels, 
with all important circuit points brought to 
the front of the panel by insulated banana- 
plug jacks. 
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New Method of Making Fine Wire. A 
new method of making fine wire less than 
one-tenth the thickness of human hair was 
revealed recently by Dr. Howard T. Francis, 
supervisor of electrochemistry research at 
the Armour Research Foundation of the 
Illinois Institute of Technology. In co- 
operation with the Naval Ordnance Labora- 
tory, Foundation scientists have produced 
0.00015-inch-diameter wire in the labora- 
tory. In the new method wire passes 
through a chemical bath in which an electric 
current is flowing. The process polishes away 
the wire’s surface. The new electrochemical 
method of making extremely fine wire 
amounts to an eating away of surface metal 
rather than a mechanical drawing operation. 


Whitney Award to R. H. Brown. Robert 
H. Brown, chief of chemical metallurgy at 
the Aluminum Company of America’s 
research laboratories in New Kensington, 
Pa., has been chosen by the National 
Association of Corrosion Engineers to receive 
the Whitney Award for 1950 ‘‘in recognition 
of his outstanding contributions to the science 
of corrosion.” The Whitney Award is 
international in scope and is one of the 
highest honors in the field of corrosion 
engineering. Mr. Brown was a pioneer in 
establishing the theory of cathodic protection 
and is an authority on the use of aluminum 
in specific environments. His achievements 
also include the development of special 
alclad products and the application of elec- 
trochemical methods to the study of alu- 
minum alloys. He is an alumnus of the 
Drexel Institute of Technology and the 
Massachusetts Institute of Technology. 


IRE Fellow Award to Byrne. John F. 
Byrne, vice-president and director of Re- 
search and Engineering of Airborne Instru- 
ments Laboratory, Mineola, N. Y., received 
the Fellow Award of the Institute of Radio 
Engineers at its annual banquet at the Hotel 
Commodore, New York, N. Y., March 8, 
1950. The award, among the highest 
obtainable for IRE members, was accorded 
Mr. Byrne ‘‘For his development of a system 
of polyphase broadcasting and for effective 
engineering administration in connection 
with radar counter-measures during the 
war.’ Mr. Byrne received the United 
States Navy Certificate of Commendation in 
February 1947 in recognition of his work for 
the Bureau of Ships, and in 1948 he was the 
recipient of the Presidential Certificate of 
Merit. His work in developing a system 
of polyphase broadcasting, on which part 
of his honorary award is made, was the fore- 
runner of the omnirange principle. 


Kodak Wins “Oscar” for Safety Film. 
Eastman Kodak Company, Rochester, N. Y., 
has received one of this year’s “‘Oscars’’ from 
the Motion Picture Academy of Arts and 
Sciences. Kodak’s trophy came “‘for the 
development and introduction of an im- 
proved safety base motion picture film.’’ 
The company has conducted research on 
safety film since the early 1920’s. The base 
now developed for safety film is known as tri- 
acetate, and the new non-inflammable film 
is now replacing cellulose nitrate. 
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ASEE’s Engineering Enrollment Data. 
Unless the percentage of high school gradu- 
ates entering engineering colleges is increased, 
there is a strong probability that instead of a 
large surplus of engineering graduates, which 
has been prophesied widely, there will soon 
be fewer engineering graduates available 
than are needed annually by our national 
economy. ‘This is the conclusion drawn by a 
subcommittee of the Manpower Committee 
of the American Society for Engineering 
Education from a study of trends in secon- 
dary school and engineering college enroll- 
ments, and of the statistics on 1949 engineer- 
ing enrollments and graduations assembled 
ointly by the society and the United States 
Office of Education, which are to be pub- 
lished soon by both organizations. 


New Method of Making Rain. Dr. 
Schaefer, weather scientist of the General 
Electric Research Laboratory, Schenectady, 
N. Y., recently described a method of helping 
nature make rain by producing vast “‘reser- 
voirs’ of snow crystals in the sky. Dr. 
Schaefer said that by overseeding super- 
cooled or below-freezing clouds with large 
quantities of dry-ice or silver iodide, large 
areas of snow crystals much too fine to fall 
might be produced. These reservoirs or 
snow crystals might remain in the sky in- 
definitely until new supercooled cloud regions 
came into contact with the snow area when 
the tiny snow crystals would act as a seeding 
agent, causing the new supercooled regions to 
turn to snow. The additional moisture in 
the supercooled areas would be sufficient to 
permit growth of much larger snow crystals 
or snow flakes, which would have enough size 
and weight to fall as precipitation. 


Miniature Radioactive Isotope Lab. Con- 
tamination control in experimenting with 
certain radioactive isotopes is reduced in cost 
by the use of a miniature laboratory into 
which only the gloved hands of the technician 
protrude. A plywood box and surgical 
gloves for the technician’s hands are sufficient 
to absorb low-energy radiations from many 
radio-isotopes. Vinylite resin-base paint is 
used inside and out because of its chemical- 
resistant properties. Designed primarily to 
reduce health hazards and the possibility of 
cross-contaminating material in radio-isotope 
experiments, the boxes can also be used with 
minor alterations for experiments with bac- 
teria, viruses, and poisonous substances. 


New Power Plant for St. Louis. United 
Engineers and Constructors, Inc., Philadel- 
phia, Pa., has been awarded the construc- 
tion of the first section of the Meramec 
Power Plant of the Union Electric Company 
of Missouri. Plans and specifications will 
be prepared by the engineering staff of the 
Union Electric Company and all construc- 
tion will be performed under their general 
direction. The power plant will be located 
about eight miles south of St. Louis, Mo., on 
the west bank of the Mississippi River. The 
initial installation is to consist of one 110,000- 
kw high-pressure high-temperature turbo- 
generator and one boiler, together with all of 
the required appurtenant facilities. 
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Soil and Rock Sampling Report. A report 
presenting the results of the first major re- 
search project organized by the Soil Me- 
chanics and Foundations Division of the 
American Society of Civil Engineers has been 
issued under the sponsorship of the Engineer- 
ing Foundation, Harvard University, and the 
Waterways Experiment Station. The re- 
port is the result of the personal efforts of 
M. Juul Hvorslev, who served the project 
first as research engineer and later as a mem- 
ber of the Committee on Sampling and 
Testing. The report is a reference work on 
subsurface exploration and sampling of soil 
and rock and gives information and general 
data on all methods of subsurface exploration 
and sampling, with a complete bibliography 
for detailed information on specific topics, as 
well as a clear and logical delineation of fac- 
tors influencing the quality of samples, and 
rules covering the design and operating of 
equipment for obtaining undisturbed samples. 


1949 Technion Yearbook Issued. Featur- 
ing an article on “Israel, Teacher of the 
Middle East,’? by United States Supreme 
Court Justice William O. Douglas, volume 8 
of the annual “‘Yearbook’’ of the American 
Technion Society was issued recently. The 
publication, which presents 28 papers and 
illustrations on topics pertaining to technical, 
industrial, and educational progress in the 
United States and Israel, includes contribu- 
tions from Israel’s President, Dr. Chaim 
Weizmann; Dr. I. I. Rabi, Nobel Prize 
Laureate in Physics; Philip Sporn (F ’30), 
President, American Gas and Electric Service 
Corporation, New York, N. Y.; James R. 
Killian, Jr., President of the Massachusetts 
Institute of Technology; Bryn J. Hovde, 
President of the New School for Social 
Research, New York, N. Y.; and Joseph 
Weil (F °36), Dean of the School of Engineer- 
ing, University of Florida. The American 
Technion Society is a national association 
founded in 1940 to support Technion (Israel’s 
Institute of Technology) and to advance 
science and technology in Israel, by funds 
and technical advice. 


Video Mast Atop the Empire State Build- 
ing. After 18 years, the National Broad- 
casting Company has given up exclusive 
rights to use the Empire State Building for 
radio and television transmission and four 
stations will make use of a new video mast 
to be placed atop the building. Besides the 
National Broadcasting Company, the Ameri- 
can Broadcasting Company, the DuMont 
Network, and The Daily News will move 
their transmitters to the new tower. The 
new structure will be designed by Dr. Frank 
G. Kear, of the Washington engineering 
firm of Kear and Kennedy, with O. B. 
Hanson, Vice-President and Chief Engineer 
of the National Broadcasting Company. 
The entire installation will be designed to 
handle expected increased wattage and the 
problems of color television when and if it 
is introduced. Increased wattage for tele- 
vision awaits the development of new tubes. 
Preliminary work on the antenna for the new 
tower, which will be 199 feet high, has 
started at the Camden, N. J., and Princeton, 
N. J., laboratories of the Radio Corporation 
of America. 
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Plans for Chemical Show in Chicago. The 
Sixth National Chemical Exposition by the 
Chicago Section of the American Chemical 
Society will be held in the Chicago Coliseum 
September 5 through September 9. Run- 
ning concurrently with the 118th National 
Meeting of the American Chemical Society 
in Chicago, which will have a registration 
of over 10,000, it is expected that over 50,000 
persons will attend the coming exposition. 
Started in 1940, the National Chemical 
Exposition has grown steadily in both size 
and importance. An unusual feature is 
that it is sponsored by a local section of the 
American Chemical Society as a means of 
displaying the importance of chemistry to 
mankind, and to permit an exchange of 
ideas between chemists and industries. In 
addition to over 200 industrial exhibitors, 
the educational exhibits in the coming 
exhibition offer a splendid opportunity for 
showing new products and for the exchange 
of ideas. Special features, such as the 
Chemical Trail Blazers, wherein new ad- 
vances in chemical research or the applica- 
tions of chemistry are displayed, will again 
be parts of the show which make it out- 
standing, 


Engineering Bibliographies Available. A 
selected bibliography of aeronautical engi- 
neering subjects listing more than 250 titles 
grouped under 16 headings, and one of civil 
engineering subjects listing more than 225 
titles grouped under 8 headings, have just 
been published by the Engineers’ Council 
for Professional Development, New York, 
N. Y. The titles were selected by more than 
100 engineering teachers and professional 
engineers who co-operated with the Engi- 
neers’ Council for Professional Development 
Committee on Professional Training. Most 
of the books listed are of the college grade 
and each listing is annotated to indicate the 
nature and depth of the subject matter. 
The two bibliographies comprise Sections IT 
and III of a 6-part ‘Selected Bibliography 
of Engineering Subjects,’ which will also 
contain sections on Mathematics; Me- 
chanics and Physics; Chemical and In- 
dustrial Engineering; Electrical and Me- 
chanical Engineering; and Metallurgical 
and Mining Engineering. The complete 
bibliography will be available in 1951 but 
the sections on aeronautical and civil 
engineering subjects may be obtained now 
from the Engineers’ Council for Professional 
Development, 29 West 39th Street, New 
York 18, N. Y., for 25 cents each. 


B. F. Goodrich to Use Uranium for Re- 
search. Recently the Atomic Energy Com- 
mission made available a small quantity of 
uranium metal for experimental use and the 
B. F. Goodrich Research Center has obtained 
a license to purchase a quarter pound of the 
metal. However, the use to which it will 
be put has no connection with atomic 
energy. It will serve to enhance the useful- 
ness of the electron microscope, employed 
to shadow cast microscope samples showing 
low contrast. Some of the objects studied 
with the electron microscope in the rubber 
industry are so small that it would take a 
million of them laid end to end to extend a 
distance of one inch. If these objects are 
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composed of lightweight elements, as is often 
the case, they show up very dimly on the 
electron microscope plate. However, if 
the mounted sample is sprayed with a 
stream of heavy metal atoms at an oblique 
angle in a vacuum, a very striking effect is 
obtained. The particles become coated 
on one side with a thin film of metal while 
the areas on the opposite side receive no 
coating and hence appear as deep shadows 
on the final photograph. Besides greatly 
increasing the contrast of the images, this 
gives an interesting 3-dimensional appear- 
ance to the picture, which makes it much 
easier to identify the particles present. 


MIT’s Instrumental Analysis Summer 
Program. ‘Two one-week specialized train- 
ing programs in instrumental analysis will be 
offered from July 10-14 and July 17-21 as 
part of the 1950 summer session at the 
Massachusetts Institute of Technology. Dr. 
David N. Hume and Dr. Lockhart B. Rogers, 
both assistant professors of chemistry at 
MIT, will conduct the two courses. ‘The 
facilities of the institute’s instrumental analy- 
sis laboratory, operated under the direction 
of Professors Hume and Rogers, will be used 
extensively. The first week’s program, from 
July 10 to 14, will be devoted to electrical 
methods of instrumental analysis and will 
emphasize potentiometry, polarography, con- 
ductimetry, amperometric titrations, and 
applications of self-balancing recording po- 
tentiometers. Optical methods of instru- 
mental analysis, including spectrophotom- 
etry, colorimetry, fluorimetry, nephelom- 
etry, and flame photometry, will be the 
subject of the second program, July 17 to 21. 
A number of commercial instruments will be 
available for operation and evaluation by 
members of each program. ‘Tuition for each 
one-week period will be $50. Application 
forms may be obtained from Professor Gale 
at Room 3-107, Massachusetts Institute of 
Technology, Cambridge 39, Mass. 


International Chemical Conclave to Be 
Held. Outstanding chemists and chemical 
engineers from more than 30 countries will 
assemble in New York, N. Y., in September 
1951, to participate in the largest inter- 
national chemical conclave in history, in 
conjunction with the diamond jubilee cele- 
bration of the American Chemical Society. 
This combination of international meetings 
will be the first of its kind in the United 
States since 1912. 


New Influence-Type Electrostatic Gene- 
rator. Two recently revealed electrostatic 
generators of 6 kv and 20 kv are designed to 
replace cumbersome and short-lived batteries 
as a high-voltage supply for ‘“‘snooper- 
scopes,’ ‘‘sniper-scopes,”’ and similar infrared 
sighting equipment. The generators were 
designed by Chatham Electronics Corpora- 
tion of Newark, N. J., in collaboration with 
Fort Belvoir, Va. They are extremely 
compact, weigh only ten pounds, and are 
powered by a spring motor. Whereas 
batteries which were formerly used lasted 
three hours, these units operate indefinitely. 
One spring winding of the new unit generates 
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for 20 minutes. An interesting point about 
this type of generator is that, unlike most 
generators, constant speed results in constant 
current output rather than constant voltage. 
Constant voltage output is maintained with 
a corona discharge regulation tube. ‘This 
type of tube also eliminates the power 
wasting and extra power requirements of 
resistance-type voltage divider regulation. 


T. A. Boyd Receives Horning Memorial 
Award. T. A. Boyd, Research Laboratories 
Consultant for the General Motors Corpora- 
tion, recently received the Harry L. Horning 
Memorial Award from the Society of Auto- 
motive Engineers “in recognition of dis- 
tinguished service in the field of mutual 
adaptation of fuels and engines.’’ The 
award honored Mr. Boyd’s outstanding 
contributions during his 30-year study of 
fuels and engines which has figured promi- 
nently and fundamentally in a better tech- 
nical understanding of the internal com- 
bustion engine. The study has benefited 
not only the motorist, by providing him with 
improved automotive engines, but also it has 
made a progressive impact on the economy 
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Nonlinear Functions 


To the Editor: 


I wish to point out, in connection with the 
article ‘‘Nonlinear Functions in an Analogue 
Computer’ by McCann, Wilts, and Lo- 
canthi (EE, p 26, Jan 50), that in the repre- 
sentation of certain mechanical functions 
by an analogue computer the use of either 
diode limiters or a function generator to 
limit a voltage is not always sufficient. 

In many instances a position function 


V(t) -X(t) oR -X()um 
A B (e 


~[Vydt I 


vie =Vo2 


Figure 1. Diode limiter 
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Figure 2. Diode limiter with feedback 
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at large by pointing the way toward more 
efficient utilization of hydrocarbon fuels. 
Mr. Boyd collaborated with Charles F. 
Kettering and the late Thomas Midgley, 
Jr., in discovery of tetraeythl lead as an 
antiknock compound for automotive and 
aviation fuels. 


New Public Health Course. The Uni- 
versity of Michigan’s School of Public 
Health is offering an in-service training course 
in Industrial Hygiene and Human Relations 
for Safety Personnel on June 19, 20, and 21, 
1950. The course is designed especially for 
the benefit of anyone responsible for safety 
and emphasis will be placed on recognition 
rather than correction of health exposures 
for which the advice of industrial hygienists 
should be utilized. Practical applications 
will be sought through the inclusion of 
process engineers and management on the 
special faculty for the course. Applications 
for enrollment in the course should be sub- 
mitted in writing by letter addressed to H. 
E. Miller, School of Public Health, Uni- 
versity of Michigan, Ann Arbor, Mich. The 
enrollment fee is $5. 
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stood to be made by the writers. Publication here 
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by the AIEE. All letters submitted for publication 
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x(t) is obtained by the integration of a 
velocity function which is given as an 
arbitrary voltage v(t). If the position and 
velocity are those of a physical member 
which is mechanically limited in position by 
a physical stop (the control surfaces of a 
pilotless aircraft, for instance), it is not 
only necessary that x(¢) be limited to the 
voltages +x, where x; is analogous to the 
limiting position, but also that v(t) be 
brought to zero when the position limit is 
reached. 

In the circuit of Figure 1, if v(t) is, for 
instance, a constant positive voltage, —x(t) 
at B will increase linearly with time and 
—x(t)j;m Will be identical with —x(¢) up to 
the limiting voltage as determined by V2. 
After the limit is reached, —x(¢) will con- 
tinue to increase, and the difference between 
—x(t) and —vx(t));, will appear across 
resistor R. If the velocity v(t) were now to 
change sign, —vx(t));,, will not start to de- 
crease until the integrator has removed the 
voltage drop across R. Physically, however, 
if the velocity of a moving part changes 
sign, its position must start to decrease. 

The circuit of Figure 2 uses the voltage 
across R in a feedback loop to drive the 
input to the integrator almost to zero. The 
greater the gain in the feedback loop, the 
more closely will —x(¢)};m hold to the limit 
voltage V2, and the smaller will be the 
voltage across R. As soon as v(t) changes 
sign, since there is only a small voltage 
across R to be removed, —-x(t)};,, will start 
to decrease. This corresponds to the true 
physical situation. 


ELECTRICAL ENGINEERING 


If v(t) is obtained from an acceleration 
voltage a(t) by integration, it is physically 
necessary that a(t) be brought to zero when 
the position is limited. This can be done 
with another high-gain feedback path driven 
by the voltage across resistor R. 


HOWARD HAMER 


(Electronics Engineer, Bell Aircraft Corporation, 


Buffalo, N. Y.) 


Electrostatic or Electromagnetically 
Induced Field? 


To the Editor: 


Dr. Slepian (LE, Feb’50, p 188) puzzles 
me. ‘Taking the case of the resultant electric 
field within the conductor of a transformer 
winding on open circuit, he insists that the 
resolution of this (nearly) zero field into an 
induced field and an (almost) equal and 
opposite electrostatic field reflects no demon- 
strable reality. 

He then defines potential difference as 


E-ds, provided the (one and only) electric 


field E has a potential, so that the result is 
independent of the integration path, and he 
defines electromotive force only for closed 
paths. 


Now since E-ds between the terminals 


of the open-circuited winding does depend 
on the integration path chosen (for if we 
follow the path of the winding between 
terminals we get (nearly) zero), there there- 
fore can be no open-circuit potential differ- 
ence. Yet I once measured what I was 
given to understand was the open-circuit 
potential difference of a transformer manu- 
factured by a competitor of Dr. Slepian’s 
company. I got a definite reading of volts 
with an electrostatic voltmeter. This ‘‘de- 
monstrable reality’? could not have been an 
electromotive force since the circuit was not 
closed, and it now seems that it was not a 
potential difference either. What errors 
the competitors of Dr. Slepian’s company 
do fall into, to be sure! 


E. G. CULLWICK (M’33) 


(Professor of Electrical Engineering, St. Andrews Uni- 
versity, Dundee, Scotland) 


To the Editor: 

I am sorry that I still puzzle Professor 
Cullwick. The case of induction in an 
open-circuited coil of an electric machine 
was specifically treated in my electrical essay, 
“Flux Linkage of an Open Circuit’? (ZE, 
Nov 49, pp 984-5), and in my answer (EE, 
Dec’49, pp 1087-2). There, I pointed out 
that in the space adjacent to and outside 
the usual electric machine the varying mag- 
netic field is usually of negligible magnitude, 
and that therefore the electric field has a 
potential there. By that I mean, of course, 
that the integral of the electric force from 
one point of that region to another point is 
independent of the path of integration so 
long as the path remains in this region. It 
has meaning therefore to speak of the po- 
tential difference between two points in 
this region, and those two points might be 
the terminals of the machine, if we keep to 
this understanding that paths of integration 
are always to remain in this outside region. 
If we use voltmeters to measure this potential 
difference we must be careful to keep their 
leads entirely in this external simply 
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connected region which is free from varying 
magnetic fields, 


This property of having a potential in a 
limited region was true respectively for each 
of the two fields external to the boxes of 
Figure 2 and Figure 3 in my essay, ‘“Electro- 
static or Electromagnetically Induced Field’? 
(EE, Oct 49, p 887). However, this property 
of having a potential in a limited region is 
not enough to characterize the field as 
necessarily electrostatic, even according to 
Professor Cullwick’s arbitrary definition, 
for as I read his book, “Fundamentals of 
Electromagnetism,” MacMillan, 1939, he 
would call the external field of Figure 2 all 
electrostatic, and that for Figure 3 all 
electromagnetically induced. 


I hope this discussion up to this point 
takes care of the potential difference between 
the terminals of an open-circuited trans- 
former. I agree that there is a potential 
difference there, so long as we limit our means 
for observing it, to lying outside and near 
the transformer case. However, this to me 
is not equivalent to saying that the field is 
all electrostatic. I would say that that 
question has no uniquely valid meaning, 
while Professor Cullwick, as I understand 
him, would say that before he could make 
a statement as to the electrostatic character 
of the field even though it has a potential 
outside the case, he would have to make sure 
the transformer case was not insulating, and 
if it was insulating, then he’d have to pry 
around inside the case before he would 
make a commitment. 


Now, for the electromotive force of an 
open-circuited complete transformer wind- 
ing, I certainly will not integrate the electric 
field along the winding from one end to 
the other, and call it the electromotive force. 
As Professor Cullwick says, T’ll only get 
zero. I define electromotive force only for 
closed paths of integration. However, if 
I close my path of integration through the 
coil by a path outside the case, where the 
field has a potential, then the integral ob- 
tained is independent of where I take my 
closing path in the external region. ‘Thus 
I give meaning to the engineer’s electro- 
motive force of an open winding when that 
winding can be closed by a path external 
to the machine, by defining it as the integral 
of the electric force around the path so 
closed. It will of course be the same as the 
potential difference between the coil termi- 
nals, this potential difference being defined 
over paths lying external (see EE, Dec ’49, 
fp 1082, col 2). 

For a part of a coil which cannot be 
closed by such an external path (for example 
a half-turn), I give no interpretation of 
what an engineer might mean by the induced 
electromotive force. Actually such an elec- 
tromotive force never appears in any final 
design or calculation of the engineer. Pro- 
fessor Cullwick believes that he can define 
such an electromotive force. This I do 
not deny, but merely point out his definition 
is arbitrary, and requires knowledge of all 
the varying magnetic fields in the universe 
before he can apply it in any case. 

I hope this letter may relieve somewhat 
the puzzlement which I seem to induce in 
Professor Cullwick. 


J. SLEPIAN (F ’27) 


(Westinghouse Research Laboratories, East Pittsburgh, 
Pa.) 


Of Current Interest 


NEW BOOKS eccee 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


BEAMA CATALOGUE 1949-50, published for the 
British Electrical and Allied Manufacturers’ Association, 
36 and 38 Kingsway, London, W. C. 2, England, by 
Iliffe and Sons Limited, Dorset House, Stamford Street, 
London, S. E. 1, England. 852 pages, illustrations, 
diagrams, tables, 113/, by 9 inches, cloth, for private 
distribution, The comprehensive range of products 
which members of BEAMA can supply is illustrated 
and described in this collective catalogue which brings 
together in a compact and convenient manner informa- 
tion for the overseas buyer on products and services of 
a great industry. Data are grouped alphabetically by 
firms in three broad divisions: power plant; industrial 
equipment; domestic and commercial apparatus and 
appliances. A short account of the history and work of 
the BEAMA is also included. 


ASTM STANDARDS ON COAL AND COKE. 
Prepared by ASTM Committee D-5 on Coal and Coke, 
October 1949. American Society for Testing Materials, 
1916 Race Street, Philadelphia 3, Pa. 729 pages, 
illustrations, diagrams, charts, tables, 9 by 6 inches, 
paper, $2. This booklet brings together all of the 
ASTM standards on coke and coal. It gives 28 test 
methods, specifications, definitions of terms, and numer- 
ous proposed methods. Coal sampling, analysis for vol- 
atile matter in connection with smoke ordinances, grinda- 
bility, drop shatter test, tumbler test, screen analysis, 
size, sieve analysis, cubic foot weight, index of dustiness, 
and free-swelling are covered for coal and coke. 


CHARACTERISTICS OF ELECTRICAL DIS- 
CHARGES IN MAGNETIC FIELDS. (Nationa! 
Nuclear Energy Series Division 1—Volume 5.) Edited 
by A. Guthrie and R. K. Wakerling. McGraw-Hill 
Book Company, New York, N. Y.; Toronto, Ontario, 
Canada; London, England, 1949. 376 pages, dia- 
grams, charts, tables, 91/4 by 6 inches, linen, $3.50. 
Govering most of the investigations carried out at the 
University of California Radiation Laboratory, this book 
considers the subject with main emphasis on discharges 
in the vapors of uranium compounds. The majority 
of the papers presented are based on reports written for 
use within the Manhattan Project. It is hoped that 
the data included will make an important contribution 
to the understanding of the theory of gaseous discharges 
and indicate areas for fruitful investigations. 


COMMUNICATION CIRCUIT FUNDAMENTALS 
FOR RADIO AND COMMUNICATION ENGI- 
NEERS. By C. E. Smith. McGraw-Hill Book Com- 
pany, New York, N. Y.; Toronto, Ontario, Canada; 
London, England, 1949. 401 pages, illustrations, 
diagrams, charts, tables, 91/4 by 6 inches, cloth, $5. 
Second of a projected 4-volume series of which the 
author’s ‘Applied Mathematics’ was the first, this 
book covers the physics of circuit elements, including 
vacuum tubes, and discusses the fundamentals of a-c 
and d-c circuits. In general, each chapter presents the 
theory, develops design equations, applies them to 
practical problems, which are completely worked out, 
and presents exercises for chapter review. 


Library Services 


ENGINEERING Societies Library 

books may be borrowed by mail 
by AIEE members for a small han- 
dling charge. The library also pre- 
pares biblographies, maintains search 
and photostatservices, and can provide 
microfilm copies of any item in its 
collection. Addressinquiriesto Ralph 
H. Phelps, Director, Engineering So- 
cieties Library, 29 West 39th Street, 
New York 18, N. Y. 
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AUTOMATIC TELEPHONE PRACTICE, By H. 
E. Hershey. Sixth edition. Technical Publications, 
Post Office Box 68, Whitewater, Kans., 1949. 256 
pages, illustrations, diagrams, charts, tables, 111/s by 
81/2 inches, fabrikoid, $6. This book deals in a detailed 
manner with the principles of the Strowger automatic 
system of “setting up” telephone connections. Part A 
presents elementary principles for those with no previous 
experience in telephone work. Part B, presupposing 
a working knowledge of the system, covers more ad- 
vanced topics and constitutes a historical review. The 
remaining two parts deal with fundamental circuit 
elements and with typical circuits. Appendixes 
describe typical adjustments and certain elementary 
principles. 


ELECTRICAL TECHNOLOGY. By H. Cotton. 
Sixth edition. Sir Isaac Pitman and Sons, Ltd., London, 
England, 1949. 600 pages, diagrams, charts, tables, 
83/, by 51/2 inches, cloth, 18s. Covering the usual 
topics included in a basic electrical engineering text, 
this book presents both a-c and d-c theory and apoplica- 
tions. Measuring instruments and illumination are 
also discussed. In this sixth edition the major change 
is the addition of new material to the chapter dealing 
with general circuit theory and to the chapter on 
illumination. 


ELECTROMAGNETIC THEORY (Proceedings of 
Symposia in Applied Mathematics, Volume II). 
American Mathematical Society, 531 West 116th 
Street, New York, N. Y., 1950. 91 pages, diagrams, 
charts, tables, 101/s by 7 inches, cloth, $3. This volume 
contains seven papers and ten abstracts of papers pre- 
sented at the symposium on electromagnetic theory held 
at the Massachusetts Institute of Technology in 1948. 
The seven papers discuss: new quantum electro- 
dynamics, electromagnetism, the factorization method, 
nonlinear electric networks, ray theory versus normal 
mode theory in wave propagation problems, and systems 
of Wiener-Hopf integral equations. Most of the papers 
which are abstracted were published in full elsewhere. 


FREQUENCY MODULATED RADAR. By D. G. 
C. Luck. Radio Corporation of America, RCA 
Laboratories Division, Princeton, N. J., 1949. 466 
pages, illustrations, diagrams, charts, tables, 91/s by 6 
inches, cloth, $4. Originally prepared as a final report 
to the Navy, this book covers principles and possibilities 
in a detailed manner. It develops the general principles 
of distance and speed determination by frequency- 
modulation radar. Some of the radio apparatus found 
useful in frequency-modulation radar equipment are 
described, as are certain indicating and control devices 
for utilization of frequency-modulation radar data. 
The kinematics of simple fire-control problems is de- 
veloped, and equipment used is described. It is as- 
sumed the reader is thoroughly familiar with normal 
techniques of radio engineering and has some familiarity 
with pulse radar and with servomechanisms, 


INDUSTRIAL ELECTRONIC CONTROL. By W. 
D. Cockrell. Second edition. McGraw-Hill Book 
Company, New York, N. Y.; Toronto, Ontario, 
Canada; London, England, 1950. 385 pages, illustra- 
tions, diagrams, charts, tables, 81/4 by 51/2 inches, 
cloth, $4. In a practical, nonmathematical treatment, 
this manual explains the fundamentals of electron-tube 
operation and shows how it is applied in the basic cir- 
cuits used in industrial electronic control. In addition 
to inclusion of recently developed circuits for counting 
and switching, the revisions to this second edition 
include a new section on closed-cycle control regulating 
systems. In this second edition all wiring diagrams 
have been redrawn to agree with the new American 
Standards Association Industrial Electronic Symbols. 


INTRODUCTION TO INDUSTRIAL METAL- 
LURGY. By L. Aitchison. Macdonald and Evans, 
8 John Street, Beflord Row, London, W. C. 1, England, 
1949. 456 pages, diagrams, charts, tables, 83/4 by 
51/2 inches, cloth, 30s. (available in America from the 
American Agent, Edward W. Sweetman, 1 Broadway, 
New York 4, N. Y.). This book is intended to provide 
a complete picture of the structure, organization, 
operation, and control of a metallurgical plant. Em- 
phasizing executive and management problems, it deals 
with both simple and complex production setups, super- 
vision, personnel relations, plant layout, incentives, 
process and quality control, and the evaluation of 
productivity. 


MATHEMATICS DICTIONARY. Edited by G. 
James and R. C. James. D. Van Nostrand Company, 
Toronto, Ontario, Canada; New York, N. Y.; London, 
England, 1949. 432 pages, diagrams, tables, 91/4 by 
6 inches, cloth, $7.50. The earlier version of this 
dictionary covered terms in the range beginning with 


482 


arithmetic and extending through the calculus. In the 
new edition basic terms have been added for metric 
differential geometry, theory of functions of real and 
complex variables, differential equations, theory of 
groups and of matrices, point-set topology, analytic 
mechanics, theory of potential, and statistics. Fre- 
quently used formulas appear in the context, and an 
appendix contains basic mathematical symbols and 
useful tables. 


MATRIX ANALYSIS OF ELECTRIC NETWORKS. 
By P. Le Corbeiller. Harvard University Press, Cam- 
bridge, Mass.; John Wiley and Sons, New York, N. Y., 
1950. 112 pages, diagrams, 8'!/2 by 51/2 inches, cloth, 
$3. The purpose of this book is to present the essentials 
of the method of network analysis developed by Gabriel 
Kron in a form that can be understood and used by all 
electrical engineers. Following a presentation of the 
essentials of matrix algebra, the method, stripped of all 
unessential mathematics, is developed and applied. 


MECHANICAL WEAR, Proceedings of Conference 
held June 1948 at Massachusetts Institute of Technology, 
Cambridge, Mass. Edited by J. T. Burwell, Jr. Pub- 
lished by American Society for Metals, Cleveland, Ohio, 
January 1950. 387 pages, illustrations, diagrams, 
charts, tables, 91/4 by 6 inches, cloth, $6.50. Presenting 
different aspects of the wear phenomenon, this volume 
contains the papers and principal discussions presented 
at the Massachusetts Institute of Technology Special 
Summer Conference on Mechanical Wear held in 
June 1948. The papers cover laboratory and service 
experience on wear in internal combustion engines, 
steam turbines, brake materials, journal bearings, gears, 
electric brushes, surface plates, and cutting tools. The 
effect of various factors on wear in any or all of the 
above types of services is also discussed. 


NICKEL ALLOY STEELS. Second edition. Inter- 
national Nickel Company, Development and Research 
Division, New York, N. Y., 1949, paged in sections, 
illustrations, diagrams, charts, tables, 91/, by 71/2 
inches, fabrikoid, gratis, limited distribution. This 
second edition revises and brings up to date pertinent 
data on nickel alloy steels. The nine sections deal 
respectively with applications, wrought steels, cast 
steels, manufacture and processing, heat treatment, 
special properties, stainless steels, iron-nickel, and 
related alloys, and general information. It is published 
in loose-leaf form, as new data sheets and revisions will 
be issued as the need arises. 


RADIO AMATEUR’S HANDBOOK. By the Staff 
of American Radio Relay League, West Hartford, 
Conn., 27th edition, 1950. 605 pages, plus catalogue 
section, 110 pages, illustrations, diagrams, charts, tables, 
91/2 by 61/2 inches, paper, $2 in United States ($2.25 in 
Canada and United States possessions), $2.50 else- 
where. The 27th edition of this standard manual of 
amateur radio communications covers the entire field 
from basic fundamentals to the latest techniques in 
single-sideband telephony. Reflecting the changes in 
technical practices of the past year, the problem of 
interference with television reception is treated ex- 
tensively. The chapter on measuring equipment has 
been expanded. A considerable amount of information 
on new equipment is incorporated in the chapters 
covering the very-high and ultrahigh frequencies. The 
tube tables have been revised to include the newest 
tubes. 


TELEVISION FOR RADIOMEN. By E. M. Noll. 
Macmillan Company, New York, N. Y., 1949. 595 
pages, illustrations, diagrams, charts, tables, 9!/2 by 
61/4 inches, cloth, $7. Written to serve as a television 
text for practical radiomen and television students, this 
text explains in practical terms the principles and essen- 
tial mathematics of the subject. It describes each part 
of modern television equipment, showing the particular 
application of theory in the construction and operation 
of each. Two chapters deal with installation, adjust- 
ment, alignment, and trouble shooting. A rather 
thorough knowledge of radio circuits is assumed. 


TERRESTRIAL RADIO WAVES, THEORY OF 
PROPAGATION. By H. Bremmer. Elsevier Pub- 
lishing Company, New York, N. Y., Amsterdam, 
Holland; London, England; Brussels, Belgium; 1949, 
343 pages, diagrams, charts, tables, 91/2 by 61/2 inches, 
cloth, $5.50. Mathematical methods are described by 
which the electromagnetic field of a radio transmitter 
can be computed, taking into account the curvature of 
the earth’s surface. The first part deals with the theory 
relating to a homogeneous atmosphere, that is, ground 
waves. In the second part, the theory is extended for an 
inhomogeneous atmosphere, that is, skywaves and the 
reflection phenomena in the lower atmosphere of the 
ground wave. Special attention is paid to the physical 
interpretation of the mathematical deductions. 


Of Current Interest 


PAMPHLETS eeeee 


The following recently issued pamphlets may be of 
interest to readers of “Electrical Engineering.” All 
inquiries should be addressed to the issuers. 


Employment Outlook for Engineers. A 
report by the Bureau of Labor Statistics on 
employment trends and outlook, earnings, 
and occupational mobility for engineers. 
120 pages. Priced at 50 cents, this report is 
available from the Superintendent of Docu- 
ments, Government Printing Office, Wash- 
ington 25, D. C. 


Design Manual on Aircraft Electrical In- 
stallations. This publication is a design 
guide on electric system installations for 
transport aircraft. Although basically pre- 
pared for transport category aircraft, most 
of the features of the manual are also appli- 
cable to military aircraft and other types of 
commercial planes. Available at $1.75 
from the Aircraft Industries Association, 
610 Shoreham Building, Washington 5, D. C. 


The Geiger-Muller Counter. The nature, 
construction, and use of the Geiger-Muller 
counter is concisely presented in a new 
booklet published by the National Bureau of 
Standards, circular 490. 25 pages.  Illus- 
trated. Priced at 20 cents and available 
from the Superintendent of Documents, 
Government Printing Office, Washington 25, 
D. C. 


Lighting for Canneries. Describes the 
recommended lighting conditions through all 
operations of the canning process. Copies 
of this 36-page booklet are available at 50 
cents each from the Publications Office, 
Illuminating Engineering Society, 51 Madi- 
son Avenue, New York 10,N. Y. 


Bibliography of Technical Reports. 313 
technical documents on a variety of subjects 
are listed in the March issue of “Bibliography 
of Technical Reports.’? A limited supply is 
available for free distribution from the Office 
of Technical Services, Department of Com- 
merce, Washington 25, D. C. 


Residual Stresses in Metals, by Dr. William 
M. Baldwin, Jr. This 48-page illustrated 
booklet covers the fundamental differences in 
the mechanisms by which residual stresses 
are developed by cold-working operations, 
by heat treatment, and by casting and 
welding. Copies can be obtained from the 
American Society for Testing Materials, 
1916 Race Street, Philadelphia 3, Pa., at $1 
each. 


Research and Development in Applied 
Optics and Optical Glass at the National 
Bureau of Standards, by Irvine C. Gardner 
and C. H. Hahner. A general account of 
the Bureau of Standards’ broad program of 
research and development in optics and op- 
tical glass since 1901, which has led to the 
solution of many problems of interest to 
both Government and private industry. A 
complete bibliography of 195 publications 
is included. Available at 15 cents per copy 
from the Superintendent of Documents, 
Government Printing Office, Washington 25, 
Dac: 
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ERE ARE THREE Allis-Chalmers answers to de- 
mands for efficient and economical equipment 
in the face of rising fuel, labor and construction costs, . 


They are typical of Allis-Chalmers advanced de- 
signs employed in al] major apparatus for electric 
power. It will pay you to call our nearby representa- 
tive and have him show you why “A-C is a good 
name to know in electric power.” 


Remote Control Operates 
Upper Malad Hydro Plant 


The unusual outdoor type hydro-electric plant of the Idaho 
Power Company on the Upper Malad River, shown at left, is 
entirely controlled from the recently completed Lower Salmon 
plant, three miles away. Telemetered indications at the Lower. 
Salmon plant keep operating personnel informed at all times 
on operating conditions at the Malad plant. 

Major Allis-Chalmers equipment for the Upper Malad plant 
includes a 12,000 hp, 124 ft head, 225 rpm vertical riveted 
plate steel spiral casing hydraulic turbine; and a modified um- 
brella type generator rated 7200 kw, 8400 kva, 6900 volts. In 
addition, a transformer and unit substation were furnished. 


Regulators Do 3 Jobs for 
Missouri Power & Light Co. 


Correcting voltage conditions, increasing revenue, and holding 
close voltage control are jobs assigned these Allis-Chalmers 
¥g% step, single phase regulators. 


However, these regulators like all Allis-Chalmers single 
phase regulators, are delivering added benefits. They require 
only % the excitation current of any other single phase 
station type regulator. In addition, they operate as quietly 
as a transformer of the same rating, making them ideal for 
use in residential areas too, 


Equipment for Power: Water Conditioning equipment, chemicals and 
service...Steam and Hydraulic Turbines...Generators...Condens- 
ers .. . Steam Jet Air Ejectors .. . Power Plant Pumps and Motors 
... Transformers... Circuit Breakers... Switchboards and Control 
. . . Switchgear . . , Unit Substations . . . Utilization equipment. 


Pioneers in Power and 


Central Illinois Electric and Gas Company 
Places Third “A-C” Turbine in Operation 


More power for Rockford, Ill. industries and homes is 
assured by this new Allis-Chalmers 20,000-kw unit in the 
new Sabrooke station of Central Illinois Electric and Gas 
Company. This installation like two other A-C 20,000- 
kw units in Rockford’s downtown Fordam station is 
served by Allis-Chalmers condensers and pumps. 


The new unit is designed to conform to AIEE-ASME 
preferred standards for 20,000-kw capacity. Standard 
design features of the Allis-Chalmers line incorporated 
in the new unit include: 

centralized control system; accessibly enclosed auxil- 

iaries and piping; simplified foundation requirements ; 

a hydrogen cooling system of unmatched simplicity for 
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the generator; ample enclosed space around the ex- 
citer as provided by “walk-in” exciter housing. 


In addition, all control valves are integral with top 
half of high pressure casing, and have external con- 
nections to nozzles in lower half. 


This turbine-generator unit is the product of a broad 
engineering program by Allis-Chalmers for the design 
of high pressure, high temperature steam turbines and 
hydrogen cooled generators: A-3049 


ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS. 


Electrical Equipment From Generation Through Utilization 


ALLIS-CHALMERS 


DLL YA WANT FACTS ON 
ELECTRIC INSTRUMENTS? 
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ORDER G.E.’S 

NEW MANUAL—NOW! 
In 140 fact-crammed pages, in 248 illustra- 
tions and diagrams, General Electric’s new 
Manual of Electric Instruments explains con- 
struction, design, and operating principles 
of all major types of electric instruments. 

Prepared primarily for training courses, 
and for technical schools and colleges, the 
Manual also serves as a source of useful 
information for all those who use instru- 
ments. It is an excellent “refresher course”’ 
for engineers. 

The Manual is easy to use, has a handy 
reference index. Information is organized 
in the following chapters: 

|I—Permanent magnet moving-coil instru- 

ments 

l—Rectifier instruments 

Il1—Thermocouple instruments 
1¥V—Moving-iron instruments, ammeters and 
voltmeters 

V—Electrodynamometer instruments 
Vi—Power-factor meters 
Vil--Synchroscopes 
Vill—Frequency meters 

1X—Recording instruments 
X—Specialized instruments for electrical 


quantities 

Xl—Specialized instruments for electrical 
properties 

Xll—Specialized instruments for nonelectrical 
quantities 

XIIl—Electric telemeters 


The new Manual can be purchased at a 
cost of only $1.00 per copy. Just fill in the 
coupon, enclose check or money order, and 
your copy will be mailed promptly. Appa- 
ratus Department, General Electric Com- 
pany, Schenectady 5, N. Y. 


Section C602-173 
Ady. & Sales Promotion Divs. 
General Electric Company 
Schenectady 5,N. Y. 

lgencloses$:32 205. 232 Se. for ee ee 
copies (at $1.00 per copy) of ‘Manual of 
Electric Instruments” (GET-1087A). Mail to: 


GENERAL ( ELECTRIC 
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INDUSTRIAL NOTES .... 


Former Allen-Bradley Chief Dies. Gus- 
tav O. Wilms, retired Chief Engineer of the 
Allen-Bradley Company, passed away re- 
cently at his home in Sarasota, Fla. Mr. 
Wilms pioneered many important develop- 
ments in the control field, chief of which was 
the modern solenoid switch. 


Kribs Treasurer of Moloney Electric. 
George J. Kribs was elected Treasurer of 
the Moloney Electric Company recently, 
succeeding Mr. Thomas O. Moloney, who 
was made Chairman of the Board. All 
other officers of the corporation were re- 
elected. 


Alcoa News. M. Russell Kambach has 
been named Advertising Manager for the 
Aluminum Company of America, and Jay 
M. Sharp succeeds Mr. Kambach to his 
former post, as Assistant Advertising 
Manager. The company has also named 
A. H. Schmeltz Manager of their newly- 
established Patent Department; John M. 
Mitchell Manager of the Export Division; 
and G. B. D. Peterson head of the Export 
Division’s New York office. 


Allis-Chalmers Board of Director’s Ap- 
pointment. Frederick Bohen, President of 
the Meredith Publishing Company, Des 
Moines, Iowa, has been elected a member 
of the board of directors of the Allis- 
Chalmers Manufacturing Company, Mil- 
waukee, Wis. Mr. Bohen succeeds the 
late Arthur W. Butler of New York. 


General Radio Elects New Director. 
Charles C. Carey has been elected a Direc- 
tor of the General Radio Company, 
succeeding Henry S. Shaw, who has retired. 


Westinghouse News. R. F. Spangle has 
been appointed Field Service Supervisor 
for the Pacific Coast Seattle Division of 
the Westinghouse Electric Corporation; 
Henry B. Ahlers has been made assistant 
to John K. Hodnette, Vice-President and 
General Manager of the Industrial Products 
Divisions of the corporation; R. B. 
Church, Jr., has been named assistant to the 
Southeastern District Manager; and B. M. 
Gatling, Jr., has been appointed Central 
Station Division Manager. Westinghouse 
has also announced the retirement of 
Thomas Fuller, former Manager of the 
company’s Southeastern District. 


Sylvania Appointments. Sylvania Electric 
Products, Inc., has announced the follow- 
ing: Arthur L. Chapman has succeeded 
E. E, Lewis as General Manager of the 
Colonial Radio and Television Division 
(Mr. Lewis resigned as Vice-President in 
charge of that division to return to his 
industrial management consulting busi- 
ness); George R. Sommers has been 
appointed Assistant General Sales 
Manager, Radio Tube Division; James 


F. Davis has been named District Sales 
Manager of the New Jersey area; Gabriel 
V. Bureau has been made Field Engineer 
for the Equipment Sales Department of 
the Radio Tube Division; and Robert 
A. Starek has been appointed Field 
Engineer for the Radio Tube Division of 
the company. 


Lear Appointment. Lear, Inc., has an- 
nounced the appointment of R. 8. Atkinson 
as Sales Manager of its Romec Division, 
located at Elyria, Ohio. 


General Electric News. Robert S. Neblett, 
Assistant General Manager of the General 
Electric Company’s Nucleonics Depart- 
ment, has been appointed Business and 
Construction Manager of the Knolls 
Atomic Power Laboratory, and Robert 
O. Bullard has been appointed to work 
with Mr. Neblett as Assistant Business and 
Construction Manager. General Electric 
has also announced the appointments of 
D. M. Hood as Manufacturing Engineer 
of the General Electric Fan Division; 
F. T. Grothouse and J. L. Knight As- 
sistant Managers of Engineering for the 
company’s Appliance and Merchandise 
Department; and James H. Alderman, 
District Representative for the Construc- 
tion Materials Department. Four ap- 
pointments to sales positions in the General 
Electric Commercial Equipment Division 
are as follows: F. P. Barnes, Sales Manager 
of Communication Equipment; H. M. 
Wales, Sales Manager of Marine and 
Aviation Equipment; L. W. Goostree, Jr., 
Sales Manager of Communication Equip- 
ment; and N. Gada, assistant to the 
manager of sales. 


Ohio Brass Appoints Owens. ‘The Ohio 
Brass Company has named William B. 
Owens as District Manager of the territory 
in the Southeast formerly covered by the 
late George Willis. 


Korrell Made Vice-President and Direc- 
tor of Sales at Soreng. Soreng Manu- 
facturing Corporation has announced the 
appointment of P. H. Korrell to the 
position of Vice-President and Director of 
Sales. 


Highland Engineering. The Highland 
Engineering Company, at Hicksville, 
N. Y., which was opened last October by 
William R. Spittal, has announced manu- 
facture of custom built transformers, 
inductors, rectifiers, and power supplies, 
made to customer’s specific requirements. 


New Chief Engineer for Cannon Electric. 
Roger Bowen, formerly with the United 
States Signal Corps, has been made Chief 
Engineer of the Cannon Electric Develop- 
ment Company, in place of D. Frank 


(Continued on page 24A) 
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PRECISION 
ATTENUATION 


*Patents applied for 


@ VSWR less than 1.2 at all frequencies to 3000 mc. 


@ Turret Attenuator* featuring “Pull — Turn — Push” 
action with 0, 10, 20, 30, 40, 50 DB steps. 


Inquiries are 


ee eeerning @ Accuracy +.5 DB, no correction charts necessary. 
single pads and turrets 
having other characteristics @ 50 ohm coaxial circuit. Type N connectors. 


STODDART AIRCRAFT RADIO CO. 


6644 SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA 
Hillside 9294 
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\ the transformer 
t of the future 


Excerpt from ‘“‘Distribution trans- 
former’ by Howard P. Seelye, Chief 
Electrical Engineer, The Detroit 0 
Edison Company in collaboration 
with other leading electrical engi- 


neers; ELECTRICAL WORLD, 75th 
Anniversary Issue, May 21, 1949. 


MARCUS 


DRY TYPE AIR COOLED 
DISTRIBUTION TRANSFORMERS 


Months before the publication of this 
excellent article on distribution trans- 
formers, Marcus, a pioneer in the 
field, announced a new line of all 
purpose dry type distribution trans- 
formers for indoor or outdoor service. 


The complete absence of hazardous 
oil or toxic liquid affords safety never 
before realized. Superior Class B and 
C heatproof insulation, such as fibre- 
glass, mica, porcelain, new Johns-Manville 
Quinterra, etc., results in overload capaci- 
ties unobtainable with Class A oil filled 
units. The entire transformer element is 
seal protected against oil, acids, moisture, 


Currently available in sizes to 
100 KVA, voltages to 5000 V. 


AIR-COOLED TRANSFORMERS 


EXCLUSIVELY etc., and is housed in a sturdy, scientifically 


1 to 2,000 KVA up to 
15,000 Volts to meet 
Individual Requirements 


ventilated, weather proof case which con- 
forms with all applicable EEI-NEMA con- 
struction standards. This extremely versa- 
tile transformer can be used outdoors, pole 
SHAcETCHAGIGiD or platform mounted or indoors at the load 
ELECTRIC FURNACE center, mounted wherever convenient with 


RECTIFIER no expensive ke vault required. 
WELDING 


MOTOR STARTING 


e 


DISTRIBUTION 
GENERAL PURPOSE 
UNIT SUBSTATION 


COMPETITIVE ee ic, GOOD DELIVERIES 


MARCUS 


TRANSFORMER CO. 


34 MONTGOMERY STREET 
HILLSIDE 5, NEW JERSEY 


PIONEERS IN THE FIELD OF AIR-COOLED TRANSFORMERS 


Write for Bulletin ##49-ACO 


MARCUS TRANSFORMERS 
CONFORM TO THE STANDARDS 
OF N.E.M.A. AND A.1.E.E. 


Representatives in Principal Cities 
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AIEE TRANSACTIONS 
VOLUMES WANTED 


A refund is offered for the 
1942 and 1947 bound volumes 
of AIEE TRANSACTIONS. 


Please mail (parcel post) to 


the American Institute of 
Electrical Engineers, 33 West 
39th Street, New York 18, 
N. Y., printing your name 
and address upon the wrap- 
per. $4.00 plus postage, will 
be paid for each volume, 
provided the books are in a 


saleable condition. 


BACK 
COPIES 
WANTED 


Copies of the January 1949 
issues of ELECTRICAL EN- 
GINEERING. Please mail 
(parcel post) to American In- 
stitute of Electrical Engineers, 
33 W. 39th St., New York 18, 
N. Y., printing your name and 
address upon the mailing 
wrapper. Twenty-five cents, 
plus postage, will be paid for 


each copy returned. 
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UP TO 50,000 MEGOHMS 
Gor Insulation Tester 


W- 


Wider ranges 
Longer scales 


qupr eateros 


Never before has the direct-indicating cross-coil ohmmeter 
been capable of measuring such high values of insulation resistance! 


This accomplishment comes at a time when more attention 
than ever is being focused by engineers on insulation resistance 
or d-c loss measurements as a practical non-destructive means of 


an forestalling breakdown in electrical equipment. 


These new sets also include several important improvements, 
such as static shielding, improved hand-drive mechanism, and a 
simplified design for motor-drive with better voltage stabilization. 


The new line of MEGGER Insulation Testers is now avail- 


200 able in the following ranges: 
150 Inner Scale Outer Scale 
Volts Megohms Megohms 
100 SOORVOlistd- Cane een O TOMO 3 to 10,000 
1,000 voltssd-c wenn tes ee ee f0nL 00 6 to 20,000 
2 SOU VOUS C-Coe eee ee OTOL UU 15 to 50,000 


For unusual requirements, a special 5,000-volt instrument is available 


with range up to 100,000 megohms. 


For description and prices, write for Bulletin 21-20EE. 


43 
Ma 

Facsimile scale of 

2,500-volt instrument 


JAMES G. BIDDLE CO. 


Electrical & Scientific Instruments 


1316 ARCH STREET, PHILADELPHIA 7, PA. 
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TAG precision etched-stem 
_THERMOMETERS 


ibsiloy 


COPPER TUNGSTEN 
ELECTRICAL CONTACTS 


oJ 


—cost less than Gibsiloy silver 


refractory materials and serve 
equally well in many 


applications 


GIBSILOY UW6 copper tungsten 
electrical contacts are 
noteworthy for their 
ability to rupture 
te. very heavy currents 
~ with minimum erosion. 
They also exhibit 
outstanding resistance to 
galling and wear when a 
high contact force, associated 
with a wiping action, is part 
of the operating conditions. 


Typical applications for GIBSILOY UW6 copper tung- 
sten are: 


1 
Tip bh pL, 
sido 


pp 
30 


peeewery: 


io 


Air Circuit Breaker Arcing Tips 

Air Circuit Breaker Intermediate Contacts 

Air Circuit Breaker Arc Runners 

Oil Circuit Breaker Arcing Tips 

Oil Circuit Breaker Current Carrying Contacts 
Oil Immersed Contactor Contacts 

Oil Immersed Switches 

Oil Immersed Tap Changer Contacts 


GIBSILOY UW6 copper tungsten is the least expensive 
of the refractory contact materials. The lower cost of 
copper tungsten is an important advantage when the 
electrical and mechanical conditions of the applica- 
tion do not require one of the more expensive materials. 


GIBSILOY refractory contacts include silver tungsten 
and silver molybdenum as well as copper tungsten. 


Our engineers will gladly recommend the type of 
Gibson electrical contact material best suited to your @ 


application. Write for our recommendation on your 
When you must be right— 
Gibson Electric Company furnishes For wy 


contact application problem. 
electrical contacts, as well as com- trust TAG! 


plete contact assemblies. 
WESTON ELECTRICAL INSTRUMENT CORPORATION 


Manufacturers of Tagliabue 
and Weston Instruments 


Manufaclurad. 


 Gibsiloy Sierenmacaate Pampa 


8348 Frankstown Ave., Pittsburgh 21, Pa. 


614 Frelinghuysen Avenue, Newark 5, N. J. 


20A Please mention ELECTRICAL ENGINEERING when writing to advertisers May 1950 


POINT 


PROTECTION 
or UNDERGROUND NETWORK CABLES 


Anhydrex insulation. Neoprene jacket. Here’s a combination that’s 
hard to beat for all-around protection against the hazards that menace 
underground network cables. 


It’s exclusive in Simplex-ANHYDREX Cables, and it is their 
assurance to you of the always-reliable performance that network service 
demands. More than that, the Anhydrex-Neoprene team keeps down 
weight and diameter, provides excellent flexibility, does away with the 
need for duct lubricants, and facilitates jointing, tapping, and terminat- 
ing, all of which add up to low-cost installation and maintenance. 


Check the advantages listed here. See if they don’t point to the 
trouble-free operation you’re looking for. And if you would like more- 
complete information, including specification data, about ANHYDREX 
Underground Cables, just fill in and return the coupon below. 


7. Moisture Resistance 
Rigid laboratory testing proves that Anhydrex insulation will 
not absorb harmful quantities of water. Throughout many 
years of service in underground and submarine installations no 
ANHYDREX Cable has ever failed due to water absorption. 


<2. Resistance to the Acids, Alkalies, and Corrosive Chemicals 
Prevalent in Underground Ducts 


3. Protection Against Oil, Heat and Flame 
The neoprene jacket will not support combustion and it effec- 
tively resists deterioration by oil and heat. 


4, Elimination of Crystallization and Corrosion 
Needing no outer metallic coverings, ANHYDREX Cables are 
not subject to electrolysis nor harmed by vibration, stray or 
secondary currents. 


5. Resistance to Abrasion and Rough Handling 
The neoprene jacket is unexcelled for toughness; will with- 
stand even more abuse than the best natural rubber compounds. 


J. implex___ = E 


IRES & CABLES |", 


SIMPLEX WIRE & CABLE CO. 
79 SIDNEY ST., CAMBRIDGE 39, MASS. 


GENTLEMEN: PLEASE SEND A COPY OF CATALOG 1013 TO: 


STREET 


SIMPLEX WIRE & CABLE CO. 
79 Sidney St., Cambridge 39, Mass. ee eee re a ee eee ed 
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Please 


mention ELECTRICAL ENGINEERING when writing to advertisers 


ALL UNIT SUBSTATIONS MOUNTED ON 
PLATFORMS TO SAVE FLOOR SPACE 


Two views of General Electric 1000-kva load- 
center unit substation at new Maytag plant. Valu- 
able manufacturing space is saved by locating units 
on platforms under the roof, right over the center 
of the load area. Air switch on primary is easy to 
Operate, contacts are easy to see. Air circuit breakers 
on secondary are of the drawout type, easily re- 
movable for inspection and maintenance. Note 
entire load center is metal enclosed, thus offering 
Operating safety to personnel. 


Unit substation No. 5, rated 500 kva. 

Air circuit breaker for future circuit can 
be inserted in empty upper housing. Drawout 
breakers are G-E Type AK-1 with 25,000 
ampere interrupting rating—plenty of “IC” 
(Interrupting Capacity) to handle all short 
circuits. Contacts of 5 kv air switch are clearly 
visible through window, another safety feature 
of G-E substations. 


G-E 5-kv metal-clad switchgear handles 4160 
volts incoming power, distributes it to six 
load-center unit substations where it is stepped 
down to 480 volts for utilization. Metal-clad 
switchgear is neat in appearance, saving in 
space, and offers safety to operating personnel. 
Additional sections can be added for future 
expansion with a minimum of bother and 
expense. 
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Substation 
No. 4 


DISTRIBUTION SYSTEM 


zx 500 KVA 
CONTINUOUS POWER z Rie ve 
2 aera 500 KVA 
u 
ASSURED MAYTAG BY hada apres 
¥ 9 wo ¢ 3 Substation . =) 2’ 
; No. 3 
SECONDARY-SELECTIVE poo aa a EN , 
No. 
Noone a 


All transformers 4160/480y, 


This secondary-selective system at the new Maytag instal- 
lation uses General Electric metal-clad switchgear to handle 
the incoming 4160 volts through four magne-blast power 
circuit breakers. Feeders distribute the 4160-volt power to 
six G-E load-center unit susbstations throughout the building 
where the high-voltage is stepped down to 480 volts for 
utilization—right at the center of the load area. This eliminates 
long, costly secondary feeders. Air switches on the primary 
of all load centers are rated 5 ky. Key interlocks give oper- 
ating safety to personnel by preventing breaking of the load 
current with the air switch, or paralleling transformers. 


S5KV Metal-clad 4160 Bus BT 


With this secondary-selective system Maytag is insured 
against a power shutdown in case of failure of any one trans- 
former or its primary feeder cable. If trouble occurs the nor- 
mally open tie breaker is closed, thus providing an alternate 
source of power that permits the plant to operate at slightly 
reduced capacity. 

The Maytag installation is a complete General Electric proj- 
ect—one source of responsibility plus the very best in co- 
ordinated planning, engineering, manufacturing, and service 
facilities to give maximum savings and efficiency to the cus- 
tomer. 


HELP SPEED PRODUCTION AT THE NEW 


PLANT AT NEWTON, 


ONLY G-E LOAD CENTERS GIVE YOU THESE FEATURES .... 
ELECTED STANDARD (atings have been introduced 
< Peenerat Electric to bring you load centers on 20 
per cent shorter shipments. The most popular are— 
Low voltage 480 A or Y, 208Y/120 volts 
High voltage 2.4, 4.16, 4.8, 12, 13.2, 13.8 kv, delta 
Kva ratings 300, 500, 750, 1000, 1500, 2000 
Certain other selected standard load centers are avail- 
able. Contact your G-E sales representative for further 
information. 
NEAT APPEARANCE... Note the smooth, integrated 
appearance of these G-E unit substations .. . no more 
gawky, ‘“‘old-type’” stovepipe connections between 
transformer and switchgear. 
SAVE TIME by eliminating weeks spent over drawing 
oards detailing individual items. G-E factory-assem- 
bled unit substations are quickly and easily installed 
with lower material and labor costs than required 
for ‘“‘piece-meal,” makeshift affairs. No last minute 
“alterations” with hacksaws and cold chisels to make 
them fit. 
INVESTIGATE TODAY how General Electric unit sub- 
stations can be used in your plant for efficient, flexible 
power distribution. Contact your G-E sales represent- 
ative for further information, and write today for the 
helpful bulletins listed below. Apparatus Department, 
General Electric Company, Schenectady 5, New York. 


lOWA 


“For our new plant that manufactures Maytag automatic 
washers, we wanted the very best in power distribution 
systems. That’s why we chose a secondary-selective system 
using General Electric load-center unit substations. We 
found that a system such as this would be more economical 
than any other type. Even though the initial cost was 
slightly higher than a simple radial system, the fact that 
we were assured of continuous power for our manufactur- 
ing facilities, even though a transformer or feeder cable 
should drop out, meant that we would save time and 
money in the long run. We also chose a load-center system 
because we can easily expand tt to take care of any increase 
in our manufacturing factlities. We also bought ‘standard’ 
unit substations because we discovered they would do the 
job just as well as ‘specials —and at far less cost—and 
because we could get better delivery. After the units ar- 
rived they were installed on the platforms and were 
operating in a very short time. And dealing with one 
organization saved us time and money because we could 
get the engineering, equipment, and service all from one 
reliable source.” 
L. C. McAnly, Sr., Manager of Manufacturing, 
The Maytag Co., Newton, Iowa 


GEA-3592 Load-center Unit Substations ee ‘ 
GEA-3758 Load-center Power Distribution Be sure to see the ‘“‘More Power to America” full-color sound slide- 
GEA-3083 Metal-clad Switchgear . “ P Dichiiuticncak chav oun GEtcales 
GEA-4057 Interlocked-armor Cable for Primary Circuits film Modern Industrial Power , istribution es he 

GEA-4352 Flamenol Cable for Secondary Circuits representative to arrange a showing for your organization. 
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0035"| {|| 


NATIONAL 


MICA-CLAS 


SS AUINSULATIONYZ 


INSULATING TAPE 


If you've had trouble applying insulating tapes of 
the usual construction—mica sandwiched between 
glass cloth and paper, and of the usual thickness, 
.005” or more—just try this tape. 


On turns of small radius it doesn’t buckle nearly 
as much, because it’s backed one side only. Its 
premium mica is hand laid and bonded so com- 
pletely to the glass cloth it holds tight — runs 
through winding machines like a dream. 


Supplied with a silicone varnish for extra-high 
temperatures, standard varnish for the usual Class 
B use. Available with single layer of mica in 
.0035” thickness, double layer mica, .005”; both 
thicknesses are made in widths of half, three- 
quarter and one inch. 


Send for a sample. Inspect it. Try it. It’s the 
answer to a lot of problems. And don’t forget— 
whatever your electrical insulation needs, National 
has it, ready for quick shipment—and it’s good. 


NATIONAL F-LECTRIC (COIL (OMPANY 


2 SOLUMBUS 16, © OHIO, U.S. A. 


ENGINEERS: MAKERS REDESIGNING AND REPAIRING OF 
ELECTRICAL COILS AND INSULATION— ROTATING ELECTRICAL MACHINES 


TRADE MARK 


Here's a neat lug that will fit in almost 
anywhere. It's made of pure elec- 
trolytic copper—it's smooth 
—it's uniform—it really 
does a job. 


Underwriters 
tested. 


TMM 


/ 


\\ 


WRITE FOR 
80-PAGE MANUAL 


LOW HEAT RISE 
ASSURES ALMOST 


50% COOLER 
OPERATION 
For 6 wire sizes from +14 to 500,000 cm. 


ILSCO COPPER TUBE & PRODUCTS, INC. 


5743 Mariemont Ave. 
Col N  CoISNENS ADT SIS Z275= 0" HERO 
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(Continued from page 16A) 


Jackson, who has been Acting Chief 
Engineer since the death of Edward 
Neifing in 1947. Mr. Jackson will con- 
tinue in the engineering department as 
chief assistant to Mr. Bowen. 


RCA International Appointment. Walter 
S. Bopp has been appointed Manager of 
Radio and Appliance Sales for the Radio 
Corporation of America’s International 
Division. 


New Kearney Executives. The James 
R. Kearney Corporation has announced 
the elections of F. W. Kearney to the office 
of Executive Vice-President and Director 
of Sales; and C. W. Gossett to the office 
of Vice-President. The company also 
announced the appointment of J. D. 
Hoffman, Vice-President, to the post of 
Chief Engineer. 


NEW PRODUCTS ee 


Cable Fault Locator. The James G. 
Biddle Company, 1316 Arch Street, Phila- 
delphia 7, Pa., has introduced an impulse 
cable fault locator and d-c proof tester. 
The high-voltage d-c impulse transmitter 
with pickup coil and pointer indicating de- 
tector comprising this cable fault locater 
were designed primarily for locating faults 
on lead-covered cable installed in ducts. 
The equipment has applications also on 
aerial and buried cable. In operation the 
set is essentially independent of the type of 
fault or its apparent resistance, and de- 
pends only on the impulse voltage required 
to break down the fault. One set, the 
model 2-2 fault locator, is rated up to 20 kv 
with a discharge capacitance of 2.5 micro- 
farads, for use on all cables up to 15 kv and 
higher. ‘The set requires only about 500 
watts to operate for a 115-volt source of 
high-voltage direct current for proof testing 
on all types of electric equipment. Bulle- 
tin 65-7, which may be obtained from the 
company upon written request, contains 
complete information on this and other 
fault locator sets. 


Demonstration Amplifier. Vickers Elec- 
tric Division of Vickers, Inc., has designed 
a self-saturating magnetic amplifier demon- 
stration unit for educational purposes in 
schools and industry. The new demon- 
stration amplifier is arranged so that all 
basic single-phase self-saturating circuits 
may be studied. By arrangement of the 
external connections either d-c or a-c out- 
put is available and either d-c or a-c control 
power may be used. Reference material 
and bulletins included with each unit give 
the wiring diagrams of several control cir- 
cuits in which this magnetic amplifier may 
be used, as well as a series of laboratory ex- 
periments arranged to help the student de- 
termine magnetic amplifier static charac- 
teristics, internal impedance and optimum 
load, dynamic characteristics, and types of 


(Continued on page 30A) 
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THE MOST IMITATED MOTOR STARTER 


WHY... 

do so many starters 
look like 
Allen-Bradley 


Solenoid Starter 


@ lt is no coincidence that most starters, 
today, look so much like the Allen- 
Bradley solenoid starter. 

There was a time when they did look 
different. That was before Allen-Bradley 
brought out the Bulletin 709, Size 1, 
solenoid starter. It embodied revolu- 
tionary features which, today, are estab- 
lished as standard for modern motor 
controls. That explains why.many other 
starters now resemble Allen-Bradley. 
But, for simplicity and, dependability, 
Allen-Bradley starters have not been 
surpassed, 

You can reap the benefits of this 
design leadership by specifying Allen- 
Bradley motor controls. 


ALLEN-BRADLEY CO. 
1316 S. Second St., Milwaukee 4, Wis. 


SIMPLICIT Y- 


To eliminate trouble-making pins, pivots, etc., 
you need Simple Solenoid Action 


The insulating cross bar, carrying the 
moving contacts of the Allen-Bradley 
starter, are mounted right on the sole- 
noid plunger. No linkages... no pivots 
or pins. 


To get small size and to permit close mount- 
ing, you need Enclosed Arc Hoods 


The solenoid construction, with its straight 
up and down motion and enclosed con- 
tacts, is extremely compact. Units can 
be mounted close together on panels or 
in machine bases. 


To eliminate contact maintenance, you need 
Silver Alloy Contacts 


The patented silver alloy contacts, pio- 
neered by Allen-Bradley on Bulletin 709 
solenoid starters, have made contact 
maintenance, such as filing, cleaning, 
and dressing, unnecessary. 


To make panel mounting easy, you need 
Unit Construction 


Allen-Bradley also pioneered the self- 
insulated starter mounted on a metal 
back plate. Bulletin 709 solenoid start- 
ers can be grouped closely on control 
panels of all types. 


laa 


f 


j 6 


SOLENOID MOTO ONTROL 
=> QuaALity 


® 
Only One Moving Part 
The Key to the Leadership Position of Allen-Bradley 
Solenoid Starters—Bulletin 709 starters are trouble free because they 
have no pivots, pins, bearings, intricate linkages, or flexible shunts. Obviously, 
the more parts... the more chances for trouble. 
Simplicity of design is the first requirement -of a dependable starter. 
Enjoy this advantage in your motor controls by specifying Allen-Bradley. 


Bulletin 709 solenoid starters in 
Sizes 0 to 5, inclusive, for motors up 
to 100 hp, 220 v; 200 hp, 440- 
550-600 v. 


Bulletin 709 solenoid starters, in 
Sizes 6 and 7, for motors up to 
300 hp, 220 v; 600 hp, 440-550- 
600 v. 


Ample space is provided for the 
heavy conductors to line and motor 
terminals. Allen-Bradley starters are 
available in enclosures for every 
service .. . indoor or outdoor. 


350R 


‘Unit switch construc- 
tion houses precision 
resistors in insulated 
recesses. 


Easy-to-change standard batteries. Double 
spiral springs give permanent connection. 


Molded selector switch 
fully enclosed. Spiral 
spring index control—over 
150,000 cycles without 
breaking. 


Direct connections—no har- 
ness cabling—no shorts. 


Teste 


Here's why top engineers and 
technicians use Model 630 


Features like those shown above are what make this popular V.O.M. so outstandingly 
dependable in the field. The enclosed switch, for instance, keeps the silvered contacts 
permanently clean. That’s rugged construction that means stronger performance, 
longer life. And tests show that the spiral spring index control, after more than 

150,000 cycles of switch rotation, has no disruption or appreciable wear! Investigate 
this history-making Volt-Ohm-Mil-Ammeter today: 33 ranges, large 5%" meter. 


ONLY FOR THE MAN WHO TAKES PRIDE IN HIS WORK 


$37.50 
AT YOUR DISTRIBUTOR 
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FROM THE 


SMA LCLEEsE 


IO} Walle 


El yarselic turbines in all sizes, using either 
Francis or propeller type runners, have been built 
at Newport News for use throughout the United 
States and many parts of the world. 

Shown above are: one using a 16-inch runner 
in a cast iron spiral casing and another using a 
238'4-inch runner in a riveted steel plate spiral 
casing. 

Newport News built hydraulic turbines, aggre- 


LARGE st 


500 Horsepower— 
83-foot Head 


57,000 Horsepower— 
81-foot Head 


gating a rated output of more than 5,900,000 
horsepower, have been furnished for such plants as 
Grand Coulee, Hoover, Norris, Wilson, Dniep- 
stroy, and many others. Hydraulic turbine work 
now in progress at Newport News is in excess of 
1,000,000 horsepower. Inquiries are invited. 


“Water Power Equipment’ booklet sent upon 
request. 


NEWPORT NEWS 


NEW S Vag) 


SHIPBUILDING AND DRY DOCK CO. 
Ni iE WsP=O) Ram 


Re GasleNa 
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at American Lava Corporation is continuous, 
to anticipate and answer your problems 


on Custom Made Technical Ceramics 


| ~ALSiMag 


Reg. U. S. Pa Off. 


Here you are most apt to find the answer 

to any question involving technical ceramics. 

The Research Division has developed hundreds of 
highly successful compositions which combine 
special physical characteristics needed for unusual 
requirements. These compositions are custom 


fabricated to your specifications. 


4°97 H YEAR CER AM IC LEA DECOR Sere 


AMERICAN LAVA CORPORATION 


CHATTANOOGA 5, TENNESSEE 


OFFICES: METROPOLITAN AREA: 671 Broad St., Newark, N. J., Mitchell 2-8159 * CHICAGO, 9 South Clinton St., Central 6-1721 
PHILADELPHIA, 1649 North Broad St., Stevenson 4-2823 ¢ LOS ANGELES, 232 South Hill St., Mutual 9076 
NEW ENGLAND, 38-8 Brattle St., Cambridge, Mass., Kirkland 7-4498 * ST. LOUIS, 1123 Washington Ave., Garfield 4959 


i Oe, eel Se 


All These Were Once 
DUST COLLECTION PROBLEMS, TOO 


48 Carbon Black Plants 
203 Metallurgical Installations 
205 Acid Plants ¢ 40 Paper Mills 
270 Detarring Installations 
216 Power Stations 
73 Steel Plants ¢ 99 Oil Refineries 
and Miscellaneous Installations 


Your electrical precipitator installation will 
be individually engineered...and based on 
the Research Corporation’s experience graph- 
ically shown by that towering pile of thou- 
sands of blue prints. 

This knowledge is a valuable asset that 
will help Research engineers to “‘tailor- 
make”’ your Cottrell installation. For ex- 
ample, they can more quickly determine the 
right answers to such variables as the size, 
shape and type of both discharge and col- 
lecting electrodes, their relative spacing, 
flue arrangements and many other factors. 
At Research you can count on profitable 


solutions to individual problems. ° 5 
Research Corporation Cottrells can be Typ ical One Day Collections 

made as efficient as you desire. They can col- © 250 TONS OF FLY ASH 

lect 95% to over 99% of all solid or liquid @ 5500 POUNDS OF CONCENTRATED 

particles suspended in gas entering equip- SULPHURIC ACID 

ment. Write for free booklet giving valu- ®@ 6 TONS OF SODA SALTS 

able data. RC-121 AT PAPER MILL 


RESEARCH CORPORATION 
405 Lexington Ave.,N. Y. 17, N.Y. 122 S. Michigan Ave. Chicago 3, Ill. 


For an engineer what are— 
“...the most desirable 


personal characteristics...” 


1. INTELLIGENCE 


2. DEPENDABILITY 


3. ORGANIZATIONAL ACCEPTABILITY 
4. ENERGY 


5. EMOTIONAL ACCEPTABILITY 
6. PHYSICAL ACCEPTABILITY 


For a survey by the Engineers’ Council for Professional Development, 44 of 
the nation’s top-level engineering executives listed the above six ‘‘most desirable 
personal characteristics” for a successful engineer. The questionnaire results 
were carefully analyzed and charted by an E. C. P. D. committee. This study 
is available from Engineers’ Council for Professional Development, twenty-five 
cents each. Larger quantities for use in educational, society, etc., work are 
available at a discount. Send coupon today. 


Engineers’ Council for Professional Development 


29 West 39th Street, New York 18, N. Y. 


Enclosed is $ ..... copies of “The Most Desirable Personal 
Characteristics.” 
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control current. _ {Full information is avail- 
able from the Vickers Electric Division at 
1815 Locust Street, St. Louis 3, Mo. 


Pocket Drafting Machine. Loomis In- 
dustries, 516 Park Way, Piedmont, Calif., 
has introduced a pocket-portable drafting 
machine, ‘“Paraline,’? which measures 
10!/, inches by 38/15 inches. The instru- 
ment is constructed of a sturdy transparent 
section with precision-machined metal 
moving parts, and requires no clamps or 
board mountings to remain in alignment. 
The combination of a 1/32-inch scale and 
protractor design with moving parts makes 
Paraline useful as a ‘T-square, parallel 
rules, triangle, or drafting machine without 
any adjustments or additional parts. 
Angles and tangents can be projected by 
aligning the transparent protractor any- 
where along a base line and rolling the in- 
strument until the straight edge intersects 
the base line at the point at which the angle 
is to be drawn. The price of the instru- 
ment is $4.95. Further details may be 
obtained from the company. 


G-E Developments. A new “trigger- 
start’ ballast for instant starting operation 
of residential fluorescent lighting has been 
announced by General Electric’s Specialty 
Transformer and Ballast Division. The 
new ballasts are designed to operate the 
standard 20-watt fluorescent lamps and the 
standard 32-watt circline fluorescent lamps. 
Starters are not required, and lamp starting 
is instantaneous, due to cathode heater 
windings which heat the cathodes to the 
point where the open circuit voltage of the 
ballast is sufficient to strike the arc. 

Another development at General Electric 
is a 3-phase automatic recloser, designated 
type FR-3, with maximum service ratings 
of 100 amperes, 15,000 volts. The new 
unit extends the advantages of the General 
Electric FR-7 single-phase recloser to 3- 
phase operation. Primarily designed for 
rural distribution systems, the FR-3 has a 
short-circuit interrupting capacity of 3,000 
amperes. Construction combines three 
FR-7 single-phase reclosers in a single unit. 
Eliminating the hazard of burning out 3- 
phase loads by having only one-phase lock- 
out, the new units employ a common link- 
age that assures positive operation in lock- 
ing out all three phases whenever a perma- 
nent fault occurs. However, the three 
units operate as single-phase reclosers when- 
ever an intermittent fault occurs. 

Additional information on the “trigger 
start’ ballast is contained in bulletin GEA- 
5473; on the FR-3 3-phase recloser in bulle- 
tin GEA-5466; both are available from the 
General Electric Company at Schenectady 
BANE be. 


Moistureproof Glass Electrodes. A new 
series of moistureproof glass electrodes has 
been developed for Leeds and Northrup pH. 
electrode assemblies of the pyrex glass and 
enameled cast iron types. To assure high 
insulation and low electrical leakage, elec- 
trode lead wires are permanently attached 
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